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Abstract 
HERBERT RAYMOND ALLEN 
Under the supervision of Professor Rex D. Helfinstine 
A profit maximizing linear programming model was used to arrive 
at optimum plans for a typical ranch in the Williams-Tetonka-Cavour 
soil association area of central South Dakota. The typical ranch used 
for this analysis had 500 acres of cropland and 1,056 acres of native 
grass. 
Low, medium, and high levels of efficiency were assumed in grain 
crop and livestock production. Forage.production was obtained from 
different management systems on tame grasses and native grasses. Tame 
grasses included brome-alfalfa, crested wheatgrass, Russian wild rye, 
and sudan grass. Native grass production was obtained from alternativ� 
management systems including renovated pasture, fertilized pasture, 
continuous grazed, or deferred grazing systems. Optimum plans, under 
five different levels of capital restriction, were developed for 
various combinations of the efficiency levels in crop and livestock 
production. 
It was found in this study that crop production had priority on 
the use of capital at all levels of efficiency. When capital was very 
limited, profits were maximized by limiting the size of the beef cow 
herd and permitting pasture land to go idle. As capital became avail­
able it was profitable to place it first into crop production through 
the use of fertilizer, weed and pest control, and improved crop vari­
. eties. 
The optimum plans, obtained when efficiency levels were per­
mitted to vary, added-capital beyond the cropping program by first 
investing in low efficiency livestock. This permitted a larger volume 
livestock program and more acres of native pasture to be utilized. As 
capital became more available, livestock numbers were expanded and 
livestock efficiency was increased by investing in better breeding 
stock and improved management programs. Livestock fattening activities 
were also added as more capital· became available. The typical program, 
when capital was not limited; maintained a cow herd under a 5½ months 
grazing program. The calves were wintered on pasture and hay, grazed 
the following summer and then placed in a drylot fattentng activity. 
The most profitable crop program was highly dependent upon the 
relative crop production efficiencies and the assumed price relation-
., 
ships. Individual operators must evaluate their own production effi-
ciency in the various crops and determine which crops to produce 
through the budgeting procedure. 
In this study, it was only under a high efficiency level in both 
crops and livestock that it became profitable to interseed the 25 per 
cent c6ndition rangeland. In all other situations th�s rangeland was 
utilized through a deferred grazing program. The results of this study 
indicate that the renovation of native pastures in central South Dakpta 
is not profitable unless there is a high efficiency in both crop and 
liv&stock production and capital is not a limiting factor. As the 
efficiency in crop production increased it became more profitable to 
use cropland to produce cash crops. Forage production for livestock 
then came from native grassland. It was not profitable to invest in 
range improvement unless the efficiency in livestock production was 
relatively high. It must be recognized, however, that this study has 
placed no value upon the risk and uncertainty involved in crop produc­
tion. 
The second part of this study used a multiple correlation 
analysis to relate various factors to the amount of pasture improvement 
work done by ranchers. 
Those factors that contributed most significantly to variation 
in the amount of pasture improvement work done were (1) innovativeness 
of the rancher, (2) his expectations regarding a satisfactory stand 
from a new seeding, and (3) his opinion regarding the profitability of 
range improvement relative to other alternatives. 
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OPTIMUM PLANS FOR A 1600 ACRE RANCH ON WILLIAMS-TETONKA-CAVOUR SOIL 
ASSOCIATION IN CENTRAL SOUTH DAKOTA INCLUDING AN ANALYSIS 
OF PASTURE IMPROVE v1ENT WORK DONE BY RANCHERS 
PART ONE 
ANALYSIS OF RANCH ORGANIZATION 
CHAPTER I 
THE PROBLEM AND OBJECTIVES 
A fundamental economic problem facing ranchers of central South 
Dakota concerns the allocation and use of scarce resources in such a 
way as to maximize profits. More specifically how to organize the re­
sources on a typical ranch in central South Dakota (Hyde County) under 
a given set of prices and conditions is the problem with which Part One 
of this study is concerned . 
I. SOUTH DAKOTA AGRICULTURE 
Grassland has been one of the major resources of the state of 
South Dakota� Data from the 1964 census of agriculture show that 58.3 
per cent of total farmland in the state was used as pasture. This in­
cluded 934, 280 acres _ of cropland used only for pasture. Hyde County, 
the area with which this study is concerned, had 60.3 per cent of the 
total farmland in pasture. Fifty-nine per cent of the land in Hyde 
County was in native grassland. 
Grass has been marketed primarily through livestock. As a re­
sult, beef has been the major product of our grasslands. Cash farm 
income from cattle and c2lves accounted for 47. 1 per cent of total cash 
farm income in the state of South Dakota in 1965. 1 This compared with 
18.l per cent of cash farm income from hog production, 3.8 per cent 1 
1crop and Livestock Reporting Service, South Dakota Agriculture, 
South Dakota Department of Agriculture, 1966, p. 90. 
from sheep and wool, 3.8 per cent from poult�y and eggs, 5. 7 per cent 
from dairy products, and 0. 5 per cent fiom other sources. 
2 
Cash income from crop production repr�sented 21 per cent of 
total cash farm income. Crops included were corn, sorghum, oats, 
wheat, barley, flaxseed, soybeans, and rye. Many of these crops were 
also processed through livestock. Consequently, it is helpful to look 
at the _farm value of crop production relative to cash receipts in order 
to understand the role that farm crops have played in producing income 
on farms and ranches. Table 1 presents the cash farm income and farm 
value of crop production for major crops in South Dakota. 2 
The table shows that wheat was the largest cash crop. However, 
corn, hay, and oats all ranked ahead of wheat in terms of farm value. 
These data also reveal that South Dakota has a variety of crops and 
livestock production. Rainfall limits the yields that may be obtained 
from these crops throughout most of the state. The thirty year average 
growing .season precipitation (1931-60) for the central rainfall belt 
was 12. 5 to 15 inches. This included the area with which this study is 
concerned. Under this situation, we find that grass has become very 
competitive with cash crops for the use of tillable land. 
II. STATEMENT OF THE PROBLEM 
The many alternative crop and livestoc� enterprises present a 
problem of how to best organize the ranch business to maximize profi,ts. 
2Ibid, pp. 87-90. 
Table 1. Cash Farm Income From Various Crops and * 
Crop 
Value of Crop Production in South Dakota, 1965 
Cash Farm Receipts 
Value of Crop 
Production 
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Crop and Livestock Reporting Service, South Dakota Agriculture, 
South Dakota Department of Agriculture, 1966, pp. 87-90. 
4 
Under a limited capital situation the indiviqual rancher is faced with 
the problem of allocating each unit of capital into its most productive 
area. With unlimited capital it would be po�sible to expand in all 
areas of opportunity to the optimum level of production. However, 
capital has been a scarce resource on many ranches. 
There are many alternative uses of capital on ranches in central 
South Oakota. In addition, the various enterprises differ as to their 
returns to labor, capital, and management. Beef production has been a 
major enterprise, but many alternative beef producing programs may be 
followed. Likewise, there are many systems of pasture production and 
utilization that may be followed in producing beef. Beef cow and calf 
programs and steer grazing, or some combination of the two, are the 
most common enterprises . 
Native grassland has been a scarce resource on many ranches. 
This is evident from the fact that our range conditions have been de­
pleted as ranchers yield to pressures to produce more cattle from a 
given land area. Lewis states that '' • . .  the av�rage range condition in 
the West River area has dropped one half of a range condition class or 
more since 1957 
In the Northern Great Plains, about 10 per cent of the ranges are re­
ported in excellent, 20 per cent in good, 40 per cent in fair, and 30 
per cent in poor condition. 113 
While pastures and rangeland have been at less than·optimum 
3J. K. Levvis, "Can South Dakota Ranches Run More Cattle," Talk 
presented at Third Annual West River Beef Cattle Days, 1963. 
5 
conditions, the number of cattle has been steadily increasing. Like­
wise, there has been an increasing demand for use of grazing lands from 
expansion of towns and cities, irrigation canals, highways, new air­
ports, military reservations, and recreational sites. 
III . PURPOSE AND OBJECTIVES 
The objectives of this study were: 
1. To present alternative ranch plans for maximizing net returns 
under varied capital levels and efficiency levels. 
2. To determine a profit maximizing land use program from among 
the many pasture improvement programs and pasture manage­
ment systems for beef production on a typical ranch. 
3. To estimate optimum adjustment in ranch organization while 
undertaking a pasture renovation program . 
IV . NATURE AND SCOPE OF THE STUDY 
Part One of this study was a profit maximizing study making use 
of linear programming as an analytical tool. The analysis was applied 
to a typical ranch unit in central South Dakota as determined by a 
survey made in the summer of 1965. 
The analysis of ranch organization was limited to a study of 
alternative land use patterns and beef production strategies on 1,056 
acres of native gra�sland and 500 acres of cropland. Alternative 
grassland grazing programs and tame forage production programs were 
considered as activities. 
6 
All beef production activities were those originating from a 
beef cow herd on the ranch. The purchase of feeder steers off the farm 
or the introduction of non-beef enterprises was not considered. The 
livestock and croe production activities were developed under three 
assumed levels of efficiency. Emphasis was placed upon the effect of 
capital restrictions and efficiency levels on ranch organization. 
CHAPTER II 
REVIEW OF LITERATURE 
Woods and Buddemeier 1 completed a study in 1959 to determine the 
economics of beef cow herds in the unglaciated area of Southern Illi­
nois. The study included a survey of farms on which beef cow herds 
were kept. Data obtained in the survey were used to determine current� 
ly used organization and production practices. A budgeting procedure 
was used to develop alternative plans for farms with given sets of 
resources. The researchers found that the highest returns from capital 
used would be obtained by investing in fertilizer for increasing pro­
duction of grain crops. The next highest returns was from hogs to 
utilize the increase in feed grains. Hogs were followed by fertilizer 
to increase roughage production, and finally enlargement of the beef 
cow herd. 
Nielsen2 used the linear programming technique.to estimate the 
economic value of the range resource as measured through livestock pro­
duction. The programming was applied to a block of public rangeland to 
illustrate the close relationship between public and private decision 
lH. S. Woods and W. D. Buddemeier, Increasino Production and 
Earnings on Farms with Beef-cow Herds in the Unalaciated Area of 
S9uthern Illinois, School of Agriculture Publication No. 6, Southern 
Illinois University, Carbondale, 1959. 
2Darwin B. Nielsen, · "Estimating the Economic Value of the Range 
Resource from Livestock Production, " Economic Research in the Use an.9. 
Develooment of Range Resources, conference proceedings of the Committee 
on Economics of Range Use and Development, Western Agricultural 
Economics Research Council, Reno, Nevada, June 16-17, 1964, pp. 83-111. 
8 
making and to portray how these resources ought to be used. No 
specific conclusions were drawn (at the date of writing) regarding a 
range improvement plan. However, the article illustrates the manner in 
which linear programming may be applied to range management problems. 
The author points out the need for further refinement of input-output 
data in range production as well as the methodology employed .. 
. A study of pasture production and improvement in Southern Iowa 
was made by Heady, Olson, and Scholl. 3 The objectives· of this study 
were: 
1. To set forth some fundamental principles which are useful in 
answering questions of economy in pasture production. 
2. To provide information on costs and returns for different 
systems of pasture improvement and to relate these to 
different farm situations with respect to limitations of 
capital . 
3. To analyze the attitudes, viewpoints, and reasoning of 
farmers regarding pasture management. 
Pasture costs were calculated for birdsfoot trefoil-orchardgrass 
(20 years) 4, alfalfa-brome-ladino (5 years), reed canary grass-ladino 
(5 years) , phosphate and lespedeza (20 years) , bluegrass nitrogen 
3Earl O. Heady, Russell O. Olson, and J. M. Scholl, Economic 
Efficiency in Pasture Production and Improvement in Southern Iowa, 
Agricultural Experiment Station Bulletin 419, Iowa State University,, 
Ames, December, 1954. 
4Figures in parentheses represent the period of time over which 
all costs were amortized. 
fertilizer (1 year) , and rented bluegrass pasture. The authors found 
that when all of  the costs over a twenty year period were taken into 
account the two systems lasting twenty years appeared least costly. 
9 
The researchers also found that about 85 per cent of the farmers felt 
that some improvement of  their permanent pastures would pay. The most 
frequent reasons given for not having made such improvements were lack 
of capital and lack of  sufficient livestock to utilize more pasture. 
Of those v1ho gave lack of caµital as their main obstacle less than 20 
per cent of them were unable to borrow funds. Of those farmers who did 
not have enough livestock to utilize the pasture a large number of them 
did not increase livestock numbers because they felt it was too risky. 
Thus the authors concluded that uncertainty is a big factor restraining 
many farmers from the adoption of p�sture improvement practices. 
McKee,5 H�ady, and Scholl used linear programming to examine the 
optimum investment in pasture improvement in the southern pasture area 
of Iowa from the aspect of the farm as a whole. Crop activities in the 
model included four different rotations. Livestock activities included 
the beef cow-calf enterprise, yearlings fed on drylot, yearlings full 
fed on pasture, deferred feeding of yearlings, spring farrowed hogs, 
and fal l  farroved hogs. Four alternative pasture improvement systems 
were provided along with pasture rental. A suppl ementary poultry 
enterprise also was included. The authors concluded from this study 
5 Dean E. McKee, Earl 0. Heady, and J. M. Scholl, Opti mum Alloca-
tion of Resources Betr:een Pasture Improvement and Other Opportunities 
on Southern I owa Farr-ts, Agri cul tura 1 Experirrent Sta ti on Research 
Bulletin 435 , I owa State University, Ames, January 1956 . 
1 0  
that investment in permanent pasture improvement will be consistent 
with the objectives of maxim1zing farm profits if  (a) resources are 
available to invest in  enterprises that can profitably use the in­
creased production of-pasture forage and (b) alternatives more profit­
able than those enterprises using permanent pasture have been fully 
exploited. Unless the above two conditions are met, farm profits will 
be greater if the permanent pasture is left unimproved and the re­
sources are used in some other alternative. 
Loftsgard6 and Griffing used linear programming to determine 
optimum plans for - farms in central North Dakota. They found that for 
all farm situations considered, the first increments of capital return­
ed highest total profi ts when used for a high fertilization cropping 
program . Livestock was not included in the maximum profit plan uniil 
the supply of operat ing capital was greater than required for intensive 
crop production. 
Kluckman7 made a study of the role of pasture improvement in 
producing beef in eastern South Dakota. This study used the budgeting 
procedure to develop whole farm plans and compare net returns from 
improved pastures versus native pastures . Gains made by yearl i ng 
steers were used as a unit of measurement in order to determine gross 
6Laure l D. Loftsgard and Milton E .  Griffing, Farm Planning 
Guides for Central North Dakota, Bulletin No . 425, North Dakota Agri­
cultural Experiment Station, Fargo, August, 1960. 
7Duane D. Kluckma�, Economic Comparison of I mproved and Unim­
proved Pastures in Producing Beef in Eastern South Dakota, Masters 
Thesis , Economics Department, South Dakota  State University, Brookings, 
1964. 
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income. Kluckman found that an operator having very limited capital 
would spend his first $235 on flax, the next $ 172 on oats, and the next 
$336 on corn. Additional capital would allow the operator to buy fer­
tilizer for the cropping program, which returns higher dividends than 
any of  the pasture projects. Total capital, beyond $1,192, would be 
invested in yearling beef steers to be grazed on the native pasture. 
With capital of $10,666 available, $1,192 is allocated to pasture pro­
duction and $9, 4 74 used for the purpose of grazing the native pasture. 
Helfinstine8 developed plans, using the budgeting technique, for 
the spring wheat area of north central South Dakota. The study was 
intended to find answers to some of the questions that face farmers 
concerning their most profitable production plans under wheat-acreage 
restrictions. Helfinstine ' s analysis brought out that a grain system 
of  farming , using commercial fertilizer, was more profitable than one 
using alfal fa or sweet clover. Either feeder cattle and hog raising 
enterprises or lamb and hog raising enterprises were combined profit­
ably with this system. 
Umberger9 completed a linear programming analysis for Faulk 
County (central South Dakota) in 1967. This study was for the purpose 
· 8Rex D. Helfinstine, Farm Plans for Wheat Farme1· s in North 
Central South Dakota, Bulletin 488� Agricultural Experiment Station, 
Cooperative with Agricultural Research Service, U. S. D. A. ,  South Dakota 
State University, Brookings, 1 960 � 
9Dwaine Edward Umberger, Minimum Resource Requirements for 
Specified Levels of  I ncome in Faulk County, South Dakota, Masters 
Thesis, Economits Department, South Dakota State University, Brookings, 
1 96 '/. 
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of developing and evaluating estimates of future farm sizes and organi­
zation in Faulk County, South Dakota. A minimum resource model was 
employed to determine the minimum combination of resources required to 
obtain specified levels of operator earnings. Crop activities in the 
model included corn, wheat, flax, oats, barley, and alfalfa in various 
rotations. Beef cow herds were allowed in all model formulations, in­
cluding feeder calf systems, stocker enterprises, and hog enterprises . . 
The results of the study indicated that for all operator earning 
levels, enterprise combinations allowing calves to be purchased and fed 
required the smallest amount of resources in terms of land, labor, and 
capital. The largest resource requirements were noted when the only 
enterprise included in the model was a beef-cow herd requiring 430 
pound calves to be sold in the fall. I t  required 1 1, �64 acre� of land 
at current prices to earn a 5, 000 dollar return to labor and manage­
ment. 
Aanderud1 0  employed linear programming to study income variabil ­
ity on selected farm and ranch situations of northwest Oklahoma. He 
also analyzed the probable effect of this variability · on capital accum­
ulation and survival of the farm firm. The programming model included 
continuous wheat, barley, and grain sorghum as activities. Cropland 
grazing activities included forage sorghum, sudan grass, Johnson grass, 
weeping love grass, sandy land mix, wheat to graze out, and "go-back" 
10wallace G. Aanderud, James S. Plaxico, and. William F. Lagrone, 
Income Variability of Alternative Plans, Se l ected Farm and Ranch 
Situations, Rolling Plains of Northwest Oklahoma, Bulletin B-646, 
Agricultural Experiment Station and U. S. D. A. , Oklahoma State University. 
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grass. Livestock ent�rprises in the model w�re buy-sell steer grazing 
and cow -calf activiti es. It was found in this study that the highest 
income plan was the one which included heavy�graze steers with a high 
capital level assumed . These plans also showed the most variability. 
The plans producing the lowest income and the least  variability were 
those that included cow-calf units as the basic livestock enterprise. 
Lowering the level of capital for a given planning situation resulted 
in both lower and less variable income because of a reduction in the 
quantity of livestock produced and a shift from continuous wheat to a 
wheat-grain sorghum-fallow rotation. 
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CHAPTER I I I  
METHOD AND PROCEDURE 
Linear programming, as a tool for � lanning, has been applied to 
problems of management ever since World War I I . In recent years, 
through the use of high speed computers, it has been applied quite 
extensively to problems of farm and ranch management . A brief descrip­
tion of linear programming is presented in this chapter, a l ong with 
economi c concepts and principles underlying its application to the 
problem described in Chapter I. Also discussed in this chapter is the 
source of data used in the linear programming analysis � 
I. LINEAR PROGRAMMING 
Linear programming is a tool for planning. As such, it is 
similar to budgeting anal ysis. However , linear programming differs 
from budgeting in two important ways : 
1 .  It is able to consider a very large number of alternative 
activities. 
2 .  From among the many alternatives it is able to select the 
1 1 best" plan rather than just a better one . 1 
The term process or activitv is used frequently in linear pro­
gramming. They may be thought of in the same context as an enterprise, 
but the concept of  a·n enterprise has a broader c onnotation than ei.�her 
1John A . Hopkins, E. O. Heady, Farrr:1 Records 9nd Accountino, 
Iowa State University Press , Am.es , I owa , 1 962, pp. 342-343. 
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process or activity. Hog production may be thought of as an enter­
prise. But spring farrowing is a different activity from that of fall 
farrowing . 2 Further, whenever we have a different proportion between 
inputs, we have a different process. Spring farrowed pigs, using $ 120 
in capital, would be a different process from spring farrowed pigs 
using $130 in capital. Brome-alfalfa hay, using fertilizer, is a 
different process from that using no fertilizer. 
The mathematical model for linear programming employs a set of 
linear equations. A simplified set using only two variables would be: 
In this  model y and m represent the supply of two different 
resources . The variables x1 and x2 represent the number of units of 
different activities or processes and the coefficients a and b repre­
sent the quantity of the resources used per unit of the x1 and x2 
activities . It will be noted that such a model assumes divisibility of 
inputs and products . For examp le, if x1 represents the number of head 
of cattle in a beef fattening activity, the solution equation will prob­
ably contain an x1 value in "fractions of a head. "  This, however, pre­
sents no handicap for practical application or interpretation since the 
solution may be rounded to the nearest head. Such a model also assumes 
a linear function for each process . If  the inputs to any process are 
doubled, the output. will be doubled and income will be doubled . Thus, 
2E. O . Heady, 1/J. Candler , Linear Programming Methods, Iowa State 
University Press, Ames, Iowa, 1964, p . 11. 
the magnitude of any process or activity is increased by increasing 
the scale of the process. All inputs vary in the same proportion. 
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A solution to the example set of equations previously presented 
will completely exhaust the resources y and m. However, in ranch 
planning we do not want to force a system to use every unit o f  each 
resource. This could be unprofitable. Consequently, the ex�mple set 
of equations may be modified to the following, which permit resources 
to go unused . 
( 2 . 1 )  a1 x1 + b1 x2 + lx3 + Ox4 = y 
a1 x1 + b1 x2 + Ox3 + lx4 - m 
The variables x3 and x4 represent disposal activities (resources 
placed in id leness ) . Resources may be placed in a real activity, such 
as x1 or x2,· or placed in the disposal activity for that resource. The 
disposal activity for the resource y is x3 • Its coefficient is one, 
since it takes one unit of resource y to place one unit  of resource y 
in disposal. The same is true for the resource m and its disposal 
activity, x4 --- and all the other resources that may be included in 
any model. 
It is not possib le to produce beef cattle, corn , or any other 
activity in a negative quantity. Therefore, a further restriction upon 
the model is that: 
( 2 .  3 )  
The objective of a linear programming problem for a ranch may be 
to either maximi ze profit or minimi ze cost. An example objective func­
tion of the followi ng form is therefore set forth as: 
• 
(2. 4 ) 
I n  this function z = profit, c = income per unit of the x1 
variable, and d = income per unit of the x2 variable . 
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A profit maximizing linear programming problem, such as used in 
this study, may now be described as one which maximizes an objective 
function (2. 4 ) within the limitations placed upon it by the set of 
equations (2. 1) and the non-negative restrictions (2. 3) . 3 
I I .  ECONOMIC CONCEPTS AND PRINCIPLES 
The linear programming solution to a problem of resource alloca­
tion employs the techniques of marginal analysis. The mathematical 
solution incorporates the economic principle of substitution and 
opportunity cost. "Shadow price" represents the decrease in returns if 
one additional unit of an activity is brought into the plan. This is a 
margi nal value. The "shadow price", for d
0
isposal activities, repre­
sents the marginal value product (MVP) of the resource. It may also be 
looked upon as the "opportunity cost" of one unit of input . If, for 
example, one acre of land is placed in idleness it may decrease returns 
by five dollars. Conversely, one acre of additional land will increase 
returns by five dollars. Whenever the MVP is zero for a disposal 
activity it means that this is a free resource . It does not limit 
production. Scarce resources, are tho�e resources that do limit 
3I t  is not the author ' s intent to present a detai led explanation 
of the · linear programming method. For additional information the 
reader may consult any of several well known texts on the subject . 
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production. 4 
Diminishing returns may also be taken into account in the linear 
programming model. I t  has been mentioned that linearity is assumed for 
each process. However , by using a separate process or activity for 
each different level of  resource input it is possible to apply the 
principle of diminishing returns. Oats produced using twenty pounds of 
fertilizer would be one activity and oats produced using thirty pounds 
of fertilizer would be another activity. 
The s�raight line proce ss using twenty pounds of  f ertilizer may 
be represented by the line OA in .Figure I. Another straight line 
process using thirty pounds of fertilizer may be represented by the 
line OR. Activities of this nature are included in this study where 
forage s may be produced by either of two activities . . One activity uses­
fertilizer and the other use s  no fertilizer. 
The theoretical framework for the efficiency concepts used in 
this study are presented in Figure II. Curves I, II, and II I are pro­
duction functions assumed to be lying within the relevant range of pro­
duction. They repre sent three different levels of efficiency. Effi­
ciency, for this analysis, is measured by output per unit of input. 
The different production functions are the result of assumed 
efficiencies in labor us e, machine time and fuel consumption, quality 
of product, and feed conversion rates. A low efficiency level in any 
one process may be repre s ented by the point A, lying on Curve I with 
4For detailed disc ussion of these  concepts consul t  E. O. Heady, 















Figure II. Theoretical Framework for Efficiency Concepts 
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output OK . It is assumed to have a linear function represented by the 
line OA. A medium level o f  ef ficiency may be represented by the point 
B, lying on Curve II with output OL. Likewise, a high level o f  ef fi­
ciency is  represented- by point C on Curve III with output OM. When 
moving from a l ow level ef ficiency to a medium level efficiency, output 
as shown in Figure II, increases by the amount KL. This increase in 
output is the result o f  two factors : 
1. Added inputs in the amount FG which increases o utput by PK. 
2 .  Assumed dif ferences in level o f  ef ficiency which increases 
output by the amount PL. 
The same kind o f  relationship exists as one moves from a medium 
level o f  ef ficiency (point B) to a high level ef ficiency (point C) . 
The three levels o f  e f ficiency, assumed in  this study, define a 
single point on �eparate production functions . The exact shape o f  the 
functions is not known, but it is necessary that the points lie on  
dif ferent curves. Diminishing returns makes it impossible f or an in-
creased ef ficiency to be attained as one moves to higher leve ls o f  out­
put on a given production function. 
It may be possible to move to higher levels o f  e f ficiency and 
greater levels o f  input but the question o f  whether or not it is pro fit­
able to do so needs to be answered. The _linear prograr�ning method, 
under a g iven set o f  assumptions and using a pro fit maximizing model, 
is abl e  to answer this question. 
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I I I. SOURCE OF DATA 
In the summer of 1 965 a survey wa s tak en in Faulk, Hyde , Aurora, 
and Gregory Counti e s in South Dakota. A personal i nterview wa s made 
of all thos e  drawn in a random s ample of farm operators. 5 Data from 
thi s survey have been us ed in a vari ety of ways throughout thi s study. 
It  should be mentioned tha t, hence forth, whenever the survey i s  
menti oned it is in reference to the one described above. Data from the 
survey have been used in determining labor requirements for bee f  cow 
herds, practices carried out by ranch operators, and in  developing 
activity budgets. Survey data from Hyde County have been the s ource of 
informati on for defining a typical farm, a s  used in this s tudy. Table 
2 presents the average crop acre s per farm for the forty farms i ncluded 
in the survey. Wheat, oats, corn, and alfalfa hay are the predominant 
crops. Eighty-one acre s of  the 446. 7 acres  of  cropland is fallow land 
or land in government programs. The average ranch contains 1, 683. 6 
acre s of la nd, of  which 1, 1 5 1 . 78 acre s i s  native hay and range. 
Much informa tion on machine opera tions ha s been obtained from 
work completed by Sanders on. 6 Data prepared by Aanderud7 ha s als o  been 
5see page 105 of this s tudy for further informa tion on the 
survey. 
6John T. Sanders on, As s i s ta nt Profes s or, S. D . S. U. , unpublished 
work on North Centra l Regional Proj ect Number 54 involving central 
South Dakota. 
7wal l ace G. Aanderud, Gui debook fo1:_ Planning � Farm or Ranch 
Busines s, Exte nsion Circular 633, Cooperative Exten sion' Service, South 
Dakota Sta te Univers i ty, Brookings, 1965 . 
Table 2. Average Crop Acres ONned and Rented Per 
Farm, Forty Farms, Hyde County Survey, 1965 
Crop e».med Rented 
Spring wheat 36. 58 8. 13 
Winter wheat 23. 85 7.25 
Oats 35 . 18 12. 04 
Barley 0. 60 1. 13 
Rye 5. 50 0. 00 
Corn grain 27. 28 7. 75 
Corn silage 25. 85 11. 53 
Sorghum grain 0. 11 0. 00 
Sorghum silage 6. 78 1. 35 
Alfalfa hay 95. 75 24. 62 
Mixed . tame hay 20 . 98 8. 63 
Sudan grass pasture 0. 76 0. 00 
Annual pasture 1. 95 0. 55 
Soil bank 21. 08 9. 75 
Idle ground 35. 20 15. 40 
* 0. 00 0. 00 Legume seed 
Flax o . oo 0. 75 
Millet 0. 38 0. 00 
TOTAL CROPLAND 337. 83 108. 88 
Native hay 145. 69 1 07. 63 
Native range 672. 22 226. 24 
*-,(- 35. 72 4. 00 Introduced pasture 
Other land 25. 54 4. 26 
Farmstead 13. 99 1. 60 
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*Legume seed acres are not added into total acres. They are 
included in mixed tame ha y. 
**All perennial tame grass pastures. 
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helpful in developing activity budgets. 
Research publications by the Agronomy and Anima l Science Depart­
ments of South Dakota State University were also used extensively in 
developing a ctivity budgets. Likewise , research reports from the 
Great P lains Pasture Research Station at Mandan, North Dakota were a 
source of data. 
CHAPTER I V  
THE PROGRAMMI NG MODEL 
A static linear programming model was used in this analysis to 
estimate maximum income under a given set of resource restrictions . A 
dynamic analysis is employed in Chapter X to estimate the adjustments 
through time when a pasture improvement program is undertaken . A de­
scription of the activiti es and resource restrictions, as well as the 
assumptions underlying these models, is presented in this chapter . 
I .  LIVESTOCK ACTIVI TI ES 
Livestock activities in this study were limited to beef produc­
tion originating from cow herds established on the ranch . This was 
done since a major consideration of this study was centered around 
e fficiencies in beef . production from the natural grasslands and supple­
mental tame forages as produced in central South Dakota. Survey re­
sults also revealed that 90 per cent of the r�nches surveyed had a 
beef cow herd as a basic enterprise . Therefore, no attempt was made to 
estimate the effect upon income by introducing livestock activities 
other than beef . The purchase of feeder cattle was not permitted in 
this model .  The use of pasture and forage production through beef, 
within the limits described above, presents many alterna tive management 
strategies to the individual rancher . This is the managerial framework 
common to ranchers in central South Dakota . It is al so the frctmework 
within which this study is conducted . 
Cow-calf Herds 
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Two basic cow-calf activities were considered. One activity 
produces feeder calves for sale on October 30 and the other produces 
calves to be held longer and sold in January. Each of the two a ctiv­
ities may be carried out under either a 10 month gra zing program or a 
s½ month grazi ng program. A 10 month grazing program requires 3½ 
months of grazing during the winter, a crested wheat pasture for graz­
ing between April 15 and May 15 plus adequate pastures for grazing from 
May 1 5 to November 1. A 5½ month grazing program provides grazing 
between May 15  and November 1. 
Budgets were developed at three assumed levels of efficiency for 
each of the four cow-calf programs described above. This results in a 
total of twelve activities to be included in the model for the cow�calf 
herd. Differences in level of efficiency are assumed to be due to : 
1 .  Quality of  herd as reflected in weight of calf sold, price 
received, and breeding charge. 
2. General  herd management as reflected i n  per cent calf crop. 
3. Labor efficiency as reflected in hours per cow unit. 
Table 3 presents the assumed input-output da ta in cow-calf 
activities contributing to differences in level of efficiency. The 
table ieflects assumed differences between grazing programs and date of 
calf sales, as well as between levels of efficiency . Per cent calf 
crop is 88 per cent for low efficiency, 90 per cent for medium, and , 92 
per cent for high efficiency. Breeding charge per cow unit is $5. 00, 
$7 . 00, and $9. 00 respecti vely for low, medium, and high levels of 
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Table 3. Assumed Input-Output Data in Cow-Calf Activities 
Which Contribute to Differences in Level of Efficiency 






Low Level Efficiency 
Weight of calf sold, lbs. 415 480 
Calf price per cwt. $26. 00 $25. 50 
Breeding chirge per cow unit . $ 5. 00 $ 5. 00 
Per cent calf crop 88 88 
Hours of labor per cow unit 10 11 
Medium Level Efficiency 
Weight of calf sold, lbs. 
Calf price per cwt. 
_ Breeding charge per cow unit 
Per cent calf  crop 
Hours of labor per cow unit 
425 
$27. 50 





$ 7. 00 
90 
9 
High Level Efficiency 
Weight of calf sold, lbs. 435 520 
Calf price per cwt. $29. 00 $28. 50 
Breeding c harge per cow unit $ 9. 00 $ 9. 00 
Per cent calf crop 92 92 
Hours of labor per cow unit 6 7 










$ 7. 00 
90 
1 0  
435 
$29 .. 00 

















$ 9. 00 
92 
9 
efficiency. Inputs, other than those presented in Table 3, do not 
change with efficiency levels. 
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Labor requirements were based upon data obtained in the survey. 
These data are presented in Appendix Tab le 51  and Appendix Figure IV. 
Calf Wintering 
Calves produced by the cow herd for sale in October may either 
be sold on the market, enter a fattening activity, or be wintered for 
the period from November 1 to April 15. Per cent calf crop, which 
changes with level of efficiency , affects the number of calves going 
into the wintering programs as ·well as succeeding programs. The pro­
gramming model employs calf transfer units in " head" of livestock. 
Calves are either sold, or carried through for continuing livestock 
activities . The calf units (head of livestock) are composed of both 
heifers and steers. For example, a low efficiency beef cow herd of one 
hundred cows would produce eighty-eight calves . A 16 per cent replac� ­
ment rate is assumed ; therefore , sixteen of the eighty-eight calves 
would be held back for replacements. This leaves seventy -two calves 
(. 72 of a calf on a per cow basis) to be sold or transferred to other 
activities. These seventy-two calves are composed of forty-four steers 
and twenty-eight heifers. Each calf unit in a transfer row represents 
61 per cent steer and 39 per cent heifer. This same relationship was 
he ld thr��ghout as calves were transferred into succeeding activities 
or sold . Sale price and sale weights represent those for 61 per cent 
steer and 39 per cent heifer. 
Assumed differences in level of efficlency for calves in the 
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wintering program are the result of : 
1 .  Quality of livestock as  reflected in rate of gain, grade, a nd 
animal value. Calves are assumed to grade low good, good, 
and choice for low, medium, and high levels of efficiency 
respectively . 
2 .  Feed input changes as differing ra tes of gain result in 
differing animal weights . 
3 .  Labor requirements vary by 10 per cent above and below the 
medium level of efficiency . 
Calf Fattening 
Calves produced by the cow herd may enter a fatteni_ng program on 
November 1 to be f attened for sale  on a high roughage feeding program . 
Assumed differences in levels of efficiency are the result of the same 
factors described for the calf wintering program . Descriptions of the 
·fattening programs for the three leve l s  of efficiency are as follows : 
1 .  Low level efficiency : Calves gra ding low good are fed a high 
rougha ge  ration usi ng hay and grain . They gain 1 . 8 pounds 
per day for a total gain of 600 pounds. They are fed 334 
days a nd are sold on August 31 weighing 1,01 5  poJnds, grad­
i ng high good, for $23 per hundredweight . 
2 .  Medium level efficiency : Calve � grading good are  fed a high 
roughage ration u sing hay and gra in . They gain 1. 9 pounds 
per day for a total ga in of 600 pounds . They are on feed 
316 days a nd are sol d  on August 13 weighing 1,025 pounds, 
grading low choi c e, _ for $24 per hundredweight . 
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3 .  High level efficiency: Calves grading choice are fed a high 
roughage ration using hay and grain . They gain 2. 0 pounds 
per day for a total gai n  of 600 pounds. They are on feed 
300 days and sold July 28 weighing 1,035 pounds, gradi ng 
choice , fo� $25 . 00 per hundredweight . 
Summer Grazing Activities 
On April 15, at the end of a calf wintering program, yearling 
cattle may enter either a summer grazing program of 6 . 5 months or one 
of 4. 5 months . 
The longer grazing program utilizes an early spring pasture of 
crested wheat grass between April 15 and May 15 . The shorter grazing 
program uses hay, rather than pasture, during this same period . 
Summer graz e  yearlings, 6. 5 months 
1 .  Low efficiency: Yearlings grading low good enter at 547 
pounds. They use 4. 38 AUM ' s of grazing and gain J . • 3 poun�s 
per day for 195 days . They are sold November 1 weighing 
800 pounds, grading low good, for $23 . 50 per hundredweight. 
2 .  Medium efficiency: Yearlings gradi ng good enter at 574 
pounds . They use 4. 65 AUM ' s  of grazing and gain 1 . 45 
pounds per day for 195 days. They are sold November l 
weighing 857 pounds, grading good , for $23.75 per hundre d ­
weight . 
3 .  High efficiency: Yearlings grading choice enter at 600 
pounds . They use 4. 9 1 AUM ' s of grazing and· gain 1. 6 pound s 
per day for 195 days. They are sold November l weighing 
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912 pounds , grading choice, for $24 per hundredweight. 
Summer graze yearlings, 4.5 months 
1. Low effici�ncy : Yearlings go on p�sture May 15 weighing 586 
pounds. They use 3. 03 AUM ' s of grazing and 0. 2 tons of 
hay. Rate of gain is 1. 3 pounds per day for 135 days. 
They may either be sold or enter a fattening activity on 
October 1 weighing 762 pounds, grading good. If they are 
sold ; they sell for $23. 75 per hundredweight. 
2. Medium efficiency: Yearlings go on pasture May 15 weighing 
61 7 pounds. They use 3. 22 AUM ' s  of grazing and _ 0. 22, tons 
of hay. Rate of gain is 1. 45 pounds per day for 135 days. 
They may either .be sold or enter a fattening activity on 
October 1 weighing 813 pounds, grading good. If they are 
sold, they sell for $24. 00 per hundredweight. 
3. High efficiency : Yearlings go on pasture May 15 weighing 648 
pounds. They use 2 . 56 AUM ' s  of pasture and 0. 23 tons of 
hay. Rate of gain is 1. 6 pounds per day for 1 05 days. 
They may either be sold or enter a fattening activity 6n 
September l weighing 816 pounds, grading choice. If they 
are sold, they sell for $24. 25 per hundredweight . 
Fatten Heavy Yearlings 
Cattle coming out of the shortest summer grazing program may 
either be sold or enter a - fattening activity. They are fattened on a 
corn silage, hay ; and grain ration in drylot. 
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1 .  Low efficiency: Cattle enter the dry l ot on October 1, weigh­
ing 762 pounds. Rate of gain is 2. 2 pounds per day for 154 
days. They are sold March 3 weighing 1 , 100 pounds, grading 
high good, for _ $23 . 75 per hundredweight . 
2 .  Medium efficiency: Cattle enter the drylot on October 1, 
weighing 813 pounds. Rate of gain is 2. 35 pounds per day 
for 122 days. They are sold February 2 weighing 1 , 100 
pounds, grading low choice for $24 . 00 per hundredweight. 
3. High efficiency: Cattle enter the dry l ot on September 1, 
weighing 816 pounds. Rate of gain is 2 . 5 pounds per day 
for 1 14 days. They are sold December 23 weighing 1,100 
pounds, grading choice for $24. 50 per hundredweight. 
II. CROP ACTIVITI ES 
The average size ranch in the survey ?f Hyde County was 1 , 684 
acres. The linear programming analysis in this study was therefore, 
applied to an assumed 1,600 acre unit . The unit consisted of  500 acres 
of cropl and, 1056 acres of native range, and 44 acres in roads, farm­
stead, and wasteland . I t  was further assumed that the ranch was with­
in the Williams-Tetonka-Cavour soil association of central S outh 
Dakota. Figure II I identifies . the area represented by this s oi l  
series. Crop production in this area predominates on a Williams soil . 
Yield expectations are representative of the cropland soils in soil �e­
source group 102 within land resource area 53. This  is a deep, fri­
able, well drained loam soil in the semi-arid grassland country of 
Figure I I I . Location of Wi lliams -Tetonka-Cavour Soil As s ociation* 
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South Dak ota. This land is typical of much of the cropland in Hyde 
County and other counties to the west and north along the Misiouri 
River. Yield data for this area, as developed by agronomists, presents 
the current normal yield and yield expectations for 1980, along with 
the necessary fertilizer requirements. I These data were the basis for 
arriving at low, medium, and high level yield expectations . 
Levels o f  Efficiency 
Budgets, for each crop, were developed at three levels of effi­
ciency--low, medium, and high. Management decisions regarding the com­
binations of inputs for crop production were assumed to differ between 
levels of efficiency and are also different for each crop. There are 
variations in planting rates, fertilizer use , appli cation of insecti­
cides, pest control, quality and price of seed, and efficiency in labor 
use. 
Man hour requirements per acre in crop production were assumed 
to vary by 10 pe� cent above and below the medium requirements . The 
medium requirements for machine time, and also cost requirements, were 
developed from survey data, data prepared for NC-54 studies2, and 
studies by other states3. 
1Information on yield expectations was obtained personally from 
Dr. Fred Weston, Professor of Agronomy, S. D . S. U. 
2Data on machine operations for North Central Regional Projeot 
Number 54 studies were prepared by John Sanderson, Assistant Professor 
of Economics, S. D. S. U. 
3Sydney C. James, Midwest Farm Planning Manual, Iowa State 
University Press, Ames, Iowa 
Table 4. Five Year Average Yields for Hyde 
County and Yield Assumptions for Low, 
Medium, and High Level of Production Efficiency 
Five Year Efficiency Level 
Crop Average* Low Medium High 
-Bushels-
Corn following corn 24. 4 23 32 41 
Corn following legume 28 34 41 
Spring wheat following row crop 15. 3 15 2 1  27 
Spring wheat following small grain 12 18 24 
Spring wheat following fallow or alfalfa 18 24 30 
Oats 31. 6 35 47 59 
Barley 23. 7 26 36 46 
Sorghum gra in 26. 4 25 35 45 
Flax 7. 4 6 1 1  16 
*Average for all rotations. Data reported by the South Dakota 
Crop and Livestock Reporting Service, 1961-65. 
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land is i n  25 per cent condition. In this condition "red group plants 
or the short grasses of the yellow group make up most of the vegeta­
tion. Unpalatable shrubs may become more abundant. Water runoff and 
soil erosion is high. M6 A d eferred grazing activity was provided as 
one system
.
of pasture production on grassland in this condition. Five 
acres of such a system provided for one acre of winter grazing , one 
acre of spring and summer pasture, one for late summer and fall graz-
1 
ing , one for hay , and one acre to be rested. Production· is estimated 
per acre of the system. 
A pasture r enovation activity was provided as an alternative 
method oi using the 25 per cent condition grassland. In this activity 
the pasture is interseeded with a mixture of b!ue grama, western wheat­
grass , big bluestem, and green needl�grass. Costs were amortiz ed over 
a ten year period. The renovation activity , when it comes into the 
plan, uses one acre of 25 per cent condition pasture and produces one 
acre of 75 per cent condition pasture. Ahother activity provided the 
alternative of using the 25 per cent cQndition pasture is it is. This 
was a continuous grazing program with relatively low production. 
There are 896 acres - of native pasture land assumed to be in 75 
per cent condition. In this condition the range is made up of a large 
proportion of pa latable vegetation. Many _ green group � nd yellow group 
plants are present. "Slight erosion may be evident. The ground cover 
6James K. Lewis, L. R .  Albee , and P. L. Howard , South Dakota 
Range Its Nature and Use , Cooperative Extension Service ·  and Agri cul-­
tural Experiment Station , Extension Circular 605, January 1963, 
pp . 20-22. 
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is still good and some mulch is present. "7 Three activities were pro­
vided as alternative uses of this pasture. One activity was a contin­
uous grazing program with no fertilizer and the other was a fertilized 
pasture. The third activity was making of native hay. 
All production of tame pastures or forage was taken out of crop­
land use . This included crested wheatgrass, brome-alfa lfa, sudan 
grass, _ and Russian wild rye. Crested wheatgrass pastures provided 
grazing for a one month period in early spring between April 15 and May 
15. Three activities were included for crested wheatgrass production. 
One was for crested wheatgrass not fertilized, a second wa � for ferti­
lized crested wheatgrass, and a third was crested wheatgrass-alfalfa 
mixture. 
Brome�alfalfa may be produced under two different management 
programs. In one program the pasture is rotation grazed and ferti­
lized. This program a lso produces . 37 tons of hay per acre by taking 
the first cutting from one-half the pasture land at the beginning of 
the season. The second brome-alfalfa program is continuous grazed and 
not fertilized .  
Sudan grass was included as an activity and it produces 5 AUM ' s  
o f  grazing in the period from July 1 6  to August 31. 
The Russian wild rye activity is only for fall grazing. It pro­
duces 2 AUM ' s  per acre from September 1 to October 31. 
Brome-alfalfa hay production may be carried out under two 
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activities.  One use s  fertilizer and the other us e s  no fertilizer. 
Aftermath grazing is produced by the us e of corn stubble, small 
grain stubble, and alfalfa hay ground. A complete list of the activ­
ities included in the · model  for forage production is pre s ented in 
Appendix Table 58. 
Pa sture production was measured in animal unit months (AUM ' s) 
according to the formula: 8 
(Animal Units ) (Months )  
Acre s AUM ' s per acre 
Forage production was e stimated on a s easonal basis. Likewise, 
the forage requirements for live stock were distributed on a s easonal 
basis. AUM ' s of pasture production by s easons served as  intermediate 
products in this model. Table 5 presents the estimated s easonal produc­
tion of forage by the s everal alternative pasture programs. 
Level of Efficiency 
All forage activitie s  de scribed in Table 5 were included in the 
model with all three levels of crop production efficiency . Variations 
in management of the forage programs, are the re sult of  fertilization, 
rotation grazing, or s eeding mi xtures. However, no attempt was made to 
e stimate input-output data for forage activitie s  to correspond to the 
three l evels of  e fficiency as e stabli shed in crop produ0tion. 
8An animal u�it rep�esents 1, 000 pounds of liveweight. A 580 
pound steer grazi ng for one month would therefore require . 58 AUM ' s. 
A pasture that would carry a 1 , 000 pound cow for one month on one acre 
would produce 1 AUM per acre. 
Table 5 .  S easonal Distribution of  Forage Production Per Acre from 





Apr.  16- Ma.y 16- July· 16- Sept o 1-. Nov. 1-
May 15 .July 15 Aug• 31 Oct . 31 Apr. 15 
Cre sted wheatgras s ,  not fertilized 
Cre sted wheat�ra s s �  fertilized 
Cre sted ·whea tgras s  and a.lfalfa. 
-Tons 
Brome-alfa.lfa , rotati on grazed , fertilized 0 37 
Brome-alfalfa , continuous �razing ,  no fertilizer 
Sue.an �r?, s s  
Rus s ian wild rye 
Native ,f!ras s , . 75% c'ondi  tion , no fertilizer 
Native (!ra.ss , 7':fj� · conc1ition , fertilized 
N�tive fras s  for winter grazin� , 
(We stern wheatgras s )  
Native gras s ,  25% condition,  c ontinuous graz ing 
Native gras s ,  25% cond iti on ., deferred grc'\.z in� . 16 
Svstem -oroduction and graz :i.ng .083 
N;tive gras s  for hay 08 
Aftermath �razing 
Corn stubble : 
Low , efficiency 
Med1.um efficiency 
High efficiency 
Small 1rain stubble , all levels of efficiency 
Alfalfa hay ground , not fertilized 
Alfalfa hay ground i, fertilized 






-Anirr.al Uni t s  Per Month-
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IV . RESOURCE RESTRICTIONS 
Resource restricti ons at the non-zero level in this model were 
the basic resources of land, labor ,  and capital . A listing of resource 
restrictions is presented in Appendix Table 58. 
Cropland Restrictions 
Cropland restrictions were 69 acres of land with 3 to 6 per cent 
slope and 431 acres of land w ith less than 3 per c�nt slope. Native 
grassland was restricted to 160 acres in 25 per cent condition and 896 
acres in 75  per cent conditi on . 
Labor Restricti ons 
Labor restricti ons were establ ished on a monthly basis for the 
period o f  April through October. This was assumed to be the cr i tical 
period for labor requirements and an activity could not enter the pro­
gram .,if i t  required labor in any month beyond that available. The 
supply of labor by periods is given in Table 6 .  It  was assumed that 
one full time operator would put in a ten hour day , twenty -five days 
per month, during the period November through March . Five days woul d 
be taken for vacation dur ing thi s same period . The operator also puts 
in a twelve hour day (300 hours per month) for the period Apr il through 
October . Housewife labor is available in the amount 9 f  twenty -five 
hours per month for the months o f  ·Apri l  through September . Hired labor 
may be employed up to two hundred hours per month for the period April 
through September. Labor hired by any optimum plan was subtracted from 
the functional val ue of the plan in the same manne r  as fixed costs . 
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Table 6. Hours of Labor Supp ly By Periods 
Operator Housev-Ji f e Hired Total . 
Labor Period Labor Labor Labor Labor 
April 300 25 200 525 
May 300 25 200 525 · 
June 300 25 200 525 
July 300 25 200 525 
August 300 25 200 525 
September 300 25 200 525 
October 300 300 
November-March 1200 1200 
TOTAL 3275 175 1200 4650 
The amount of labor hired var i es between levels of eff iciency a nd 
capital limi tations. 
Capital Restrictions 
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Capital restrictions were imposed in the amounts of $5,000, 
$10,000, $ 1 5,000, $20,000, a nd a n  unlimited amount. In situations with 
cap ital unlimited, a capital borrowing activity was employed with a 6 
per cent a n nual rate charged on a 1 1 capital used. _ Therefore, wherever 
the term "unlimited capital" is employed, it sha ll be taken to mea n 
that capital will be employed as  long as the margi n al return is greater 
tha n 6 per cent. 
Capital used by activities i ncludes total va r i able costs i n  crop 
a nd livestock production plus a nnua l investment cap ital i n  l ivestock 
production. 
V. GENERAL ASSUMPTIONS 
This model assumed a n  owner operated ra nch u nit. No a nalysis 
was made of the effect of tenure upon resource use. Acreage allotments 
for participation in government programs were not a ssumed i n  this 
model. Government program restrictions � nd their effect upon ranch 
plans are left for further study and investigation. 
The purcha se of feed grain, pasture, or hay was not permitted in 
this model. Corn, oats, barley, a nd gra i n  sorghum a ctivities produce 
corn equiva l ent bushels of grain, which may be either f ed to livestock 
or sold . Livestock activities were limited to feed produced on the 
ranch . 
Price Levels 
Price levels in this study reflect current market prices for 
inputs and products. The set of price assumptions is presented in 
Appendix Table 52. 9 
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Agricultural Conservation Program cost sharing was assumed for 
the pasture renovation ac tivity. Payments of $6. 00 per · acre were sub­
trac tetj from the total cost of pasture renovation. 
A given complement of machinery was assumed to be owned by the 
operator and it is as presented in Appendix Table 57. Combining of 
small grain is custom hired . It was anticipated that some plans may 
have large acreages of small grain, some may have no small grain pro­
duction, and the feasibility of owning a combine would vary with the 
crop production program. I t  was, therefore, decided to make a harvest­
ing charge under a custom hire situation for all ac tivities . 
Fixed Costs 
Fixed costs were assumed to be the same for all optimum plans 
developed for the 1, 600 a cre ranch unit. Depieciation on a given set 
of permanent improvements adequate to handle a maximum volume operation 
was assumed in this model. A listing of these improvements is present­
ed i� Appendix Table 49. Fixed costs include taxes, housing , insur­
ance, interest on investment, and depreciation for machinery. Other 
fixed costs include land tax, liability insurance, fencing costs, 
9price di fferentiation by grades and season for slaughter cattle 
is based upon five year average prices at Sioux Falls, South Da kota as 
given by the Crop and Livestoc k Reporting Service . 
telephone, electricity , professional services, building depreciation, 
and interest on land capital. Fixed costs are presented in Appendix 
Table 48 . 
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CHAPTER V 
OPTIMUM RANCH PLANS UNDER LOW LEVEL OF PRODUCTI ON 
EFFI CI ENCY AND VARYING CAPI TAL RESTRICTIONS 
Optimum ranch plans, under a low efficiency level of pr oduction, 
were developed for five different levels of restriction on operating 
capital. The results of the linear programming are presented in this 
chapter. 
I .  LAND USE PROGRAM 
Table 7 presents the optimum land use program under five, ten, 
fifteen, and twenty tho0sand dollars of operating capital and under 
unlimited c apital. It can be observed in Table 7 that . all land (69 
acres) with a 3-6 per cent slope is utilized by a corn-wheat rotation. 
This situation is  true for sloping land under all capital si tuations. 
Cropland under 3 per ce�t slope was shj fted out of pasture 
production and into grain production as capital was reduced . At a 
capital level of $ 15 , 000 , 2. 9 acres of cropland was used to provide a 
fall pasture of  Russi an wild rye . At levels of $ 10 , 000 or less, no 
cropland was used for pasture production, but with unlimited capital, 
173. 2 acres of cropland was used for pasture. If adequate capital is 
available it is possible to make the investment in livestock which is  
needed if pasture is � to be utiliz�d. However, cro� production has 
priority on capital use when capital limits producti on . 
Brome-alfalfa, not rotated or fertilized (P79 ) ,  provided most of 
Table 7. Optimum Land Use Program Under Restricted 
Capital Situations, Low Efficiency Level 




5 , 000 10 , 000 15, 000 20 , 000 ited 
Crppland in grain , 3-6% slope 
Corn grain 34. 5 
34. 5 Wheat 





Total croplind in grain 
Cropland in pasture 
Brome-alfalfa , rotated and 
fertilized 
Brome-alfalfa, not rotated 
or fertilized 







Iotal cropland in pasture 
o . o  




Native pasture land 
75% condition , not fertilized 
















500 . 0 
0. 0 
0.0 














o . o  
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the tame pasture. Only 4. 4 acres of brome-alfalfa would be fertilized 
and rotation grazed at low levels of efficiency in crop and livestock 
production. Russian wild rye for late fall grazing uses 52. 2 acres of 
cropland when capital · is unlimited. 
The shift to more corn and sorghum at low levels of capital was 
also due to  the pattern of labor use . With fewer numbers of livestock 
included in the plan there was more labor available for corn and sor­
ghum. Both of these crops require more labor than barley production . 
Native pasture land in . 25 per cent condition was utilized in 
every instance through a deferred grazing system. There were the 
alternatives of grazing the pasture continously or renovating it by 
interseeding. At the five thousand doll2r capital limit, there was a 
portion of the pasture left unused . There was a total of 807 acres of 
native grassland going unused at the five thousand d ollar capital limit 
and 311 . 5  acres unused at a ten thousand dollar capital limit. The 
obvious course of action under such a situation is to rent out the 
unused pasture land . However, a rental activity and income from rent 
was not included in this model. At very low levels of capital availa­
bility the more profitable investments are in crop production rather 
than livestock. 
· There was no crested wheatgrass production for early spring 
grazing included in the optimum plan. The model provided for three 
. alternative management programs ih crested wheat iroduction and longer 
grazing periods for livestock to utilize the early . spring .pasture. 
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I I . LI VESTOCK PROGRAM 
The optimum beef production program at a low efficiency level of 
production is presented in Table 8. With unlimited capital an eighty­
five cow herd, under a 5. 5 month grazing program (P35) , was the basic 
enterprise. Fifty calves, from a 72 per cent calf crop, were wintered 
on _pasture and hay (P47 ) and eleven calves were put into a drylot 
fattening program (P59) . The fifty calves go into a summer grazing 
program the following spring (P49) . They were grazed for 4. 5 months 
and then placed in a drylot fattening program (P5g) . Total operating 
capital employed in an unlimited capital situation is  $34,579. 
When operating capital was restricted to twenty thousand dollars, 
the beef cow herd was reduced to forty-five cows. All of the thi rty-
two calves were placed in a wintering program and grazed the following 
summer for 4. 5 months. At the end of the period one calf was sold and 
the remaining thirty-one were p laced in  a drylot fattening program. 
When capital was restricted to fifteen thousand dollars, the cow 
herd was further reduced to thirty-five cows. All of the twenty-f �ve 
calves were wintered and then grazed the following summer. However, at 
the end of the grazing period, eleven of the calves were sold directly 
off grass and fourteen were placed in  a drylot fattening program. 
With a capital restriction of ten thousand dol lars, the cow herd 
was reduced to twenty-three and all the calves were wintered and grazed 
the following summer. All calves were sold at the end of the grazing 
period. 
A capita l  restriction of five thousind dollars reduced the cow 
Table 8. Optimum Beef Production Program Under Several 
Res tricted Capital Situations, Low Efficiency Level 
CaQital Limits (Dollars ) 
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Item Unit* 5, 000 10, 000 15, 000 20, 000 Unlimited 
Cow-calf herd, 5½ month 
grazing Head 7 23 35 45 85 
Winter c,d f on pasture 
and hay Head 6 17 25 32 50 
Summer graze yearlings, 
4½ months Head 6 1 7  25 32 50 
Fatten yearlings H�ad 0 0 14 31 50 
Cal.f fattening Head 0 0 0 0 1 1  
-i<·Livestock numbers have been rounded to the nearest whole unit . 
herd to seven . All calves were wintered, grazed the following summer 
for 4. 5 months, and then sold off grass. 
I I I .  PASTURE PRODUCTION AND UTILIZATI ON 
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The pattern of pasture production and utilization changed each 
time the livestock program was changed as a result of changing capital 
restric�ions. Total acres of pasture under each of the different 
capital situations was presented in Table 7, page 47. Pasture produc­
tion, in this study, has been broken down into a seasonal pattern. 
The seasonal pattern for a low efficiency level is presented in Table 
9 only for the unlimited capital situation. 
Eighty-five cows in the cow herd plus fifty calves from the 
previous year·1 s calf crop required 260. 2 AUM ' s  of grazing between May 
16 and July 15. This was supplied by a brome-alfalfa pasture, a de­
ferred grazing system on 160 acres of 25 per cent condition pasture, 
and also 573 acres of native grassland in 75 per cent condition. There 
were 323. 2 acres of native grassland used only for hay production. 
Only 1. 6 tons of the required 285. 7 tons o( hay were supplied by tame 
forages. 
During the July 16 to August 31 grazing period, the pasture 
system remained unchanged. All required production was still supplied 
by the brorne-alfalfa and native grasses except that 9. 7 AUM ' s of after­
math grazing was obtained from smal l grain stubble � 
During the period September 1 to October 31,. a Russian w"i ld rye 
pasture supplied 104. 3 AUM 1 s of fal l  grazing . The balance of the 
Table 9. Pa s ture Production and Utiliz a tion with Low Level 
E f ficiency in Crop and Livestock Production, Capi�tal  Unlimited 
Pa s ture Production 
Hay May 16- July 16- Sept . 1 - Nov. 1- Season 
Item Acre Production July 15  Aug. 31 Oc t. 31 Apr i l 1 5  Tota l  
-Tons- -A.U. M. - -A. U. M. - -A. U. M. - ..;A.U. /Vl. - -A . U . M."-
Tame pa s ture 
Brome -alfalfa 
rotated and fertili z ed 4. 4 1 . 6  7. 3 1. 4 1 . 8  1 0. 5  
Brome -alfalfa 
not rotated or fertiliz ed 116. 6 116 . 6 87. 4 58 . 2 262. 2 
Russian wild rye 52. 2 1 04. 3 1 04 . 3 
Na tive grass 
75% condition 
not fe:rtili z ed 572. 8 120. 3 9 1 . 6  57 . 2 269 . 1 
25% c ondi ti
.
on 
de f erred gra zing 160. 0 25. 6 16. 0 9. 6 12. 7 19. 2 57. 5 
Hay 323. 2 258. 5 
Crop a fterma th 
Corn stubble 217. 6 65. 3 65. 3 
Sma ll grain stubble 97. 0 9 . 7 9. 7 
TOTAL 285. 7 260. 2 199. 7 234. 2 84. 5 778 . 6 
Lives tock enterpri ses  Head 
Cow-ca l f , 5½ month grazing 85 230. 7 197 . 4 147. 7 197.l 542. 2 
Winter calf, pa sture 
and hay 50 17. 6 84. 5 84 . 5 
Summer gra z e  yearlings, 
4½ months 50 10 . 0 62 . 8 52. 0 37. l 151. 9  
Fatten yearlings 50 11. 6  
Fatten October calf 1 1  15. 8 
TOTAL 285. 7 260. 2 199. 7 234. 2 84 . 5 778. 6 
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graz ing during this period was from brome-alfalfa and native grassland. 
Calves to be wintered from November l to April 15 requi red 84. 5 
AUM ' s  of pasture. This  was supplied by winter pasture on native grass 
and a ftermath grazing ·of the corn stubble. The cow herd was wintered 
on hay from November 1 to Ma y 16. 
IV. OPERATING STATEMENT 
A net farm operating statement, for optimum ranch plans under 
each of the five different levels of capital restriction, is presented 
in Table 10. This  table shows that gross receipts declined 1from 
$22,�97 with unlimited capital to $ 13, 227 when capital was restricted 
to five thousand dollars. Operating expenses and fi xed expenses were 
subtracted from gross receipts. The . rema ining amount represents the 
return to operator ' s land, labor, capital, and management. This is  
also the figure commonly referred to as  net ranch income. Net ranch 
income ranges from $6, 008 under a capital restriction  of  five thousand 
dollars to $ 11, 296 when capital is unlimited. 
A charge on the resources used in the business was subtracted 
from net ranch i ncome . A 6 per cent charge was made on operating cap­
ital. This included all vari able costs of production ( including any 
labor hired) . l A 4 per cent charge was made on all land capita l.  
loperating expenses, as  presented in Table 1 0, equals gross re­
ceipts less functional value of the program less interest (when P99 is 
included as an activity )  plus value of labor hired. The Pgg activity 
is a capital borrowing activity. Functional value i s  the program value 
as solved and printed out by the computer. 
Table 10. Operating Statement for Optimum Ranc h 
Plans with Low Efficiency in Crop and Livestock 
Production Under Several Capita l Limiting Situations 
Cat2ita l Limits (Dollars) 
Item 5,000 10,000 15,000 20,000 
Corn sold $ 7,500 $ 7,321 $ 6 , 412 $ 5,300 
Barley sold 3,246 3,593 3,766 3,634 
Sorghum sold 336 46 0 0 
Wheat sold 942 942 942 942 
Yearlings sold off grass 1,023 3,001 2,033 303 
Sa le of fattened yearlings 0 0 3,562 8,059 
Sa le of fattened c a lves 0 0 0 0 
Cull cow sales 180 537 805 1�053 
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Gross receipts $13,227 $15,440 $17,520 $ 19,291 $22,497 
Operating expensesa $ 3,121 $ 3,793 $ 4,522 $ 5,257 $ 7,103 
Fixed expenses 4�098 4 2098 4 2098 4 2098 4 2098 
Return to operator ' s land, 
labor, c apital & mgt. $ 6,008 $ 7,549 $ 8,900 $ 9,936 $11,296 
Interest on operating 
c apitalb @ 6% $ 300 "$ 600 $ 900 $ 1,200 $ 
Interest on land c apital 
($95,408 @ 4%) 3,816 3,816 3,816 3,816 
Va lue of operator laborc 2 2036 2 2543 32000 32393 
Return to management $ -144 $ 590 $ 1,184 $ 1,527 $ 
MVP on operating c apitald 0. 31 0. 31 0. 21 0. 21 
Hours of labor used 1,557  1,895 2,201 2,478 
Ac res of cropland in use 500 500 500 500 
Ac res of native pasture 
land in use 249 745 1,056 1,056 
aHired labor included 
boperating c apita l included all variable costs in c rop and 
livestock production plus annual inv�stment c a pital in livestock. 
(Excluding feed produced and fed) 











Operator labor, as used by the plan, was charged at the rate of $1. 50 
per hour. After subtracting these charges the residual return is iden­
tified as a return to management. 
The return to management was riegative at a five thousand dollar 
capital restriction. This means that the operator earned a rate of 
return on his resources which was somewhat less than that preyiously 
described as a charge for the use of these resources. Management re­
turn was greatest at a capital limit of twenty thousand d ollars. I t  
declined from $1, 527 t o  $1, 209 as the capit�l limit moved from $20, 000 
to $34, 579. 
The higher level of capital use would not be undertaken unless 
one is willing to accept a lower rate of return on resources than is 
received at the twenty thousand dollar capital level . Management 
return would be greater at an unlimited capital level if a charge of 
$ 1. 39 (or less) pe� hour is made for labor. 
It is also shown in Table 10  that the MVP declined as more and 
more capital was made available. 2 With unlimited capital the MVP 
declined to six cents. This was the charge made on the use of capital 
by the capital borrowing activity. 
Pastureland and labor resources in use declined as capital be­
came more limiting. However, as shown in Table 7, page 47  all crop 
land was fully employed at all levels of capital restriction. 
2see discussion on MVP, page 17 of this study. 
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V. SUMJVlARY 
A low level of efficiency produces corn yielding 23 bushels per 
acre. Oats yield 35 bushels, spring wheat 15 bushels, barley 26 bush­
e l s, sorghum 25 bushels, flax 6 bushels, and brome-alfalfa pasture 
produces 2. 25 AUM ' s of grazing per acre. Beef production assumes an 88 
per cent calf crop. Under these efficiency levels crop production had 
priority on use of capital when capital became limiting. Cropland was 
shifted out of pasture production and into production of corn, sorghum, 
and barley as capital became more limited. Land with ·3 to 6 per cent 
slope was maintained in a corn-wheat rotation. 
If adequate capital is available it is possible  to make invest­
ments in livestock which permit pasture to be utilized. This study 
showed that with unlimited capital an optimum plan would include an 
eighty-five cow herd under a 5½ month grazing program. Calves were 
wintered, grazed the following summer, and then finished in a drylot 
fattening program. As capital became more limited, the size of the cow 
herd was reduced and fattening activities were curtailed. The calf 
fattening activity was first to be reduced and eliminated. The 
fattening of yearlings off grass was next to be reduced. It was 
eliminated entirely at low levels of capital availability. 
Forage production was supplied by native gras s and brome-alfalfa 
pasture. Almost all of the requited hay production was native grass 
hay. Pasture land in poor condition was utilized through a deferred 
grazing system . The optimum plan did not include any tame grasses for 
early spring grazing but a Rus sian wild rye pasture for fall grazing 
5 7  
was part of the plan . When capital became very limited, native grass­
land was left idle. 
Net r anch income was $6, 008 when operating capital was limited 
to five thousand dollars. With unlimited capital, net ranch income was 
$ 1 1, 296. 
CHAPTER VI 
OPTIMUM RANCH PLANS UNDER MEDIUM LEVEL OF PRODUCTION 
EFFICIENCY AND VARYING CAPITAL RESTRICTIONS 
Ranch operators differ in their level of management skills and 
in their decision making regarding the application of technology to 
their ranch operations. This results in some ranchers receiving a 
greater total product from an equivalent set of basic resources. A 
separate set o f  activity budge ts for crop and livestock production was 
developed under an assumption of a medium level of efficiency, as de­
scribed in Chapter IV . 
It is the purpose of this chapter to discuss the optimum farm 
plans obtained when the medium level . of e fficiency is assumed . 
I.  LAND USE PROGRAM 
The optimum land use program under five different levels o f  
capital restriction is presented in Tabl e 1 1 . The table shows that all 
land with a 3 to 6 per cent slope was maintained in a corn-wheat rota­
tion (P19 ) at a l l  levels of capital restriction. When capital was 
unlimited, 104. 2 acres o f  level cropland were used in barley production 
(P1 4 ) ,  ·201. 3  acres in sorghum (P17 ) , and 1 25 . 5 acres in tame pasture . 
The optimum p l an included fertilizing the brome-alfalfa pasture (P78 ) 
and using rotation grazing � Eight acres of sudan grass (r80 ) for a 
supplemental pasture were also brought into the plan and 62 . 3 acres of 
cropland were put into Russian wild r-ye (P8 1 ) for late fall gra zing . 
Table 1 1 . Optimum Land Use Program Under Restricted 
Capital Si.tuations, Medium Efficiency Level 




5, 000 1 0,000 15,000 20,000 ited 







Cropland in grain, under 3% slope 









TGtal cropland in grain 
Cropland in pasture 
Brome-alfalfa, rotated and 
fertilized 
Crested wheat, fertilized 
Russian wild rye 
Sudan grass 
Total cropland in pasture 
TOTAL CROPLAND 
Native pasture land 
75% condition, not ferti lized 





TOTAL NATIVE PASTURE LAND 
500. 0 




o . o  
500. 0 







o . o  
34. 5 

























o . o  























o . o  
o . o  
5. 0 







o . o  





















1 056. 0 
60 
The unlimited capital situation was the only case where cropland was 
used in any significant amount for pasture production. The most crop­
land used at any of the other capital levels was at the fifteen thou­
sand dollar level wpere 7. 6 acres of cropland ·was put into crested 
wheatgrass for early spring grazing . At the ten , fi fteen, and twenty 
thousand dollar capital limits practically all level cropland was used 
in flax (P16) and sorghum production. Flax yields, at the medium level 
of  e f ficiency, were assumed to be eleven bushels per acre and sorghum 
yields were thirty- five bushels per acre. At a five thousand dollar 
capita� limit , flax was dropped from the optimum plan and all level land 
was used in sorghum and wheat production. There are 278 acres in con­
tinuous sorghum and 153 acres in a wheat-wheat-fallow rotation. 
It is observed in Table 11  that the 160 acres of  pastureland in 
25 per cent condition was utilized through a deferred grazing program 
(P95) in every instance except at the five thousand dollar capital 
limit. At this low limit no livestock was produced and so  all pasture 
land was idle. 
I I .  LI VESTOCK PROGRAM 
Table 12 shows that a cow-calf herd under a 5½ month grazing 
program (P39) is the basic enterprise at a medium level of efficiency 
just as it was at the low level of _ efficiency. When capital was un�im­
_ ited , eighty-eight cows, producing sixty-five calves, were brought irnto 
the optimum plan under the medium level of efficiency. Forty-seven of 
these calves were put into a drylot fattening program (P61) in October . 
, 
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Table 12. Optimum Beef Production Program Under Several 
Re stricted Capital Situations, Medium Efficiency Level 
Ca12ital Limits (Dollars) 
Item Unit* 5, 000 10, 000 15, 000 20, 000 Unlimited 
Cow-caH herd, 5½ month 
grazing Head 0 12 26 . 34 88 
Winter calf on pasture 
and hay Head 0 9 19 25 18 
Summer graz e yearlings , 
6½ months Head 0 9 1 9  0 0 
Summer .graz e yearlings, 
4½ months Head 0 0 0 25 18 
Fatten yearlings Head 0 0 0 25 18 
Cal -f fattening Head 0 0 0 0 47  
*Livestock numbers have been rounded to the nearest whole unit. 
The other eighteen were wintered on pasture and hay (P5 1) ,  grazed the 
following summer for 4½ months (P53) , and then finished in a drylot 
fattening program ( P6o ) . 
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When operating capital was limited to twenty thousand dol lars, 
the cow herd was reduced to thirty -four and the calf fattening activity 
was dropped . All of the twenty -five calves were wintered on _pasture 
and hay, grazed the foll owing summer for 4½ months, and then finished 
in a drylot fattening program. 
At a fifteen thousand dollar capital restriction, the cow herd 
was red�ced to twenty-six cows. No fattening activities were carried 
out. All o f  the nineteen calves were wintered on pasture and hay. 
They were grazed the following summer in a 6½ month grazing program , 
rather than a 4½ months program, and sold. This required the produc­
tion o f  some crested wheatgrass for early spring grazing. 
At a ten thousand dollar capital restriction, a twelve cow herd 
was maintained . All of  the calves were wintered on pasture and hay, 
grazed the following summer in a 6½ month grazing program, and sold. 
No livestock was produced at a five thousand dollar restriction 
on operating capital. 
I I I . PASTURE PRODUCTION AND UTI LIZATION 
The seasonal - pattern of forage production and utilization for an 
unlimited capital situation is presented in Table - 13. 
Hay production was primarily from native grassland. Br6me­
al fal fa hay was made at the start of the season on one-hal f of the 
Table 13. Pasture Production and Utilization with Medium Level 
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fifty - five a cres that was used for pasture (P73) . This pasture was 
under a rotational grazing system and cattle gra zed one-half of the 
pasture at a time. 
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Eight acres of sudan grass (Pgo ) provided 40. 5 AUM ' s  of supple­
mental grazing from July 16 to August 31. There was also 13. 9  AUM ' s  of 
a ftermath grazing on small grain stubble during this same period . 
Sixty-two acres of Russia n wild rye pasture (P31) furnished over half 
of the required grazing during September and October . After October l 
the cow herd was wintered on hay. Winter gra zing was needed only for 
the current calf crop a nd this was supplied by a winter pasture on the 
25 per cent condition pastureland (P95) a nd by grazing the corn 
stubble. 
IV. OPERATING STATEMENT 
The operating statement for a medium level of efficiency in crop 
and livestock production is presented in Table 14. 
Gross receipts ranged from $15, 649, under a five thousand dollar 
capital restriction, to $26, 744 when capital was unlimited . The range 
in net ra nch income was from $6, 296 to $1 2, 749 for the corresponding 
capital restriction situations. It will be noted here that net ranch 
income was 40. 2 per cent of gross receipts under a five thousa nd dollar 
capital restriction compared to 47. 7 per cent when capital was unlim-
_ ited . This is beca�se fixed expehses do not decline as capital  becomes 
more limited . 
The return to management was greatest at a twenty thousand 
Table 14. Operating Statement for Optimum Ranch Plans 
with Medium Efficiency in Crop and Livestock 
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boperating capital included all variable costs in crop and 
livestock production plus annual investment capital in livestock. 
(Excluding feed produced and fed ) · 
CHours of operator labor used by the plan @ $ 1. 50 per hour. 
dshadovv price 
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dollar capital limit. This is similar to the situation in Chapter V 
where a low level of efficiency in crop and livestock production was 
assumed. The return to management, at a medium level of  efficiency, as 
shown in Table 14, would be greatest at an unlimited capital restric­
tion if $ 1. 46 per hour (or less ) were charged for the use of labor. 
Management return, at a medium level of production efficiency, was 
positive at all five of the capital limiting situations. · Under a low 
level o f  e f ficiency the return to management was negative at a five 
thousand dollar capital restriction. 
The pastureland and labor resources in use declined as capital 
became more limiting. However, all cropland was fully employed at all 
capital levels. 
V. SUMMARY 
When capital was unlimited, level cropland was used to produce 
barley, sorghum, and tame pastures. 
Cropland with  a 3 to 6 per cent slope was maintained in a corn­
wheat rotation at all capital levels. This is the same as was arrived 
at in the optimum plan under a low efficiency level for sloping land. 
At a medium level of production efficiency, the unlimited capital 
situatlon was the only case where cropland was used in any significant 
amount for forage production. At the ten, fifteen, and twenty thousand 
dollar capital restrictions practically all of th� level cropland was 
used for flax and sorghum production . The same capital si tuations, 
under a low level of production effi ciency, used the land to produce 
corn and barley. 
When capital wa s limited to five thousand dollars, all level 
cropland wa s us ed to produce sorghum and wheat. Some crested wheat­
gra s s  wa s brought into the plans a t  ten and fifteen thous and dollar 
capital res trictions to· provide early grazing for yearling ca ttle. 
Native gra s sland in poor condition wa s utilized through a de­
ferred grazing system a t  all levels of capital restriction • 
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. A cow-calf herd, under a 5½ month grazing program wa s the ba sic 
livestock enterprise. When capital wa s unlimited, more of the calves 
were placed into a fa ttening program at a medium level of efficiency 
than wa s fattened under a low level of efficiency. As  capital became 
limited the fa ttening programs were curtailed and the size of the cow 
herd wa s reduced . No livestock wa s produced at a five thousand dollar 
level of capital restriction. 
Net ranch income ranged from $6, 296 with a five thousand dollar 
capital limit to $12, 749 when capital wa s unlimited. 
CHAPTER VI I 
OPTIMUM RANCH PLANS UNDER HIGH LEVEL OF PRODUCTI ON 
EFFICI ENCY AND VARYI NG CAPI TAL RESTRI CTI ONS 
The levels of production efficiency assumed in this chapter are 
considerably above current normal levels. It was assumed that corn 
yielded forty-one bushels per acre, flax yielded fifteen bushels_, and 
spring wheat yielded twenty-seven bushels per acre. These yields 
approximate the estimate of normal yields by agronomy specialists for 
the year 1 980. A 92 per cent calf crop was assumed in be e f'. production. 
While these levels may seem somewhat high, they are not unreal­
istic . Future production potential may be estimated by assuming these 
e fficiency levels. Also, reports from individual ranchers and results 
of  the survey indicate that many of  the top ranchers in the area are 
currently attaining these production levels. 
It is the purpose of  this chapter to present the optimum ranch 
plans obtained when high levels of production . e fficiency were assumed . 
I .  LAND USE PROGRAM 
Less cropland was used for production of  forage crops when a 
high level of  production e fficiency was assumed than when a medium or 
a low level was assumed. Table 15 shows that land with a 3 to 6 per 
cent slope was put into a corn-wheat rotation (P3b) at a11· capital 1 
levels. However, at a five thousand dollar capital limit, thi �ty­
seven acres o f  sloping land was left idle. The capital investment per 
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Table 15. Opti mum Land Use Program Under Restricted 
Capita l  Situations, High Efficiency Level 
Ca2ital Limits (Dollars) 
Unlim-
Item 5,000 10,000 15,000 20, 000 ited 
-Acres -
Crop land in grain, 3-6% s lope 
Corn grain 16. 0 34. 5 34. 5 34. 5 34. 5 
Wheat 16. 0 34. 5 34. 5 34. 5 34. 5 
Unused cropland 37. 0 0. 0 o . o o . o  0. 0 
Cropland in grain, Under 3% s lope 
Corn grain o . o 328. 0 320. 9 313. 3 289. 6 
Corn silage o . o 0. 3 2. 1 2. 8 4. 2 
Flax 0. 0 102. 7 108. 0 114. 9 117 . 3  
Wheat 287. 2 0. 0 0. 0 o . o  0. 0 
Fal low 143. 8 o . o 0. 0 0. 0 0. 0 
Total cropland in grain 500. 0 500. 0 500 .. o 500. 0 480. 1 
Cropland in pasture 
Brome-al fal fa, rotated and 
fertilized 0-. 0 o � o  o . o o . o 1. 0 
Rus sian wild rye 0. 0 0. 0 o . o 0. 0 18. 9 
Total cropland in pasture 0. 0 0. 0 0. 0 o . o 19. 9 
TOTAL CROPLAND 500. 0 �00. 0 500. 0 500. 0 500. 0 
Native pasture land 
75% condition, not fertilized 0. 0 32. 0 222. 8 470. 7 679. 5 
25% condition, deferred 
grazing o . o 98. 5 160. 0 160. 0 0. 0 
25% condition, renovated 0. 0 0. 0 0. 0 0. 0 1 60. 0 
Native hay o . o o . o  30. 7 74 . 7  216. 5 
Unused pasture 1056 . 0 925. 5 642. 5 350 . 6 0. 0 
TOTAL NATIVE PASTURE LAND 1056. 0 1056. 0 1056. 0 1056. 0 1056 . 0 
acre in fertilizer, and other inputs, was greater at high levels of 
efficiency. All available capital was used in crop production and 
sloping land was the first to come out of production when capital was 
limited. 
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When capita l was not limited, the optimum plan called for nine­
teen acres of Russian wild rye (P8 1 ) and one acre of brome-a�falfa 
pasture ( P78) to be produced on cropland. The 4 1 1 acres of level crop­
land were u sed to produce 294 acres of corn (P23) a�d 1 1 7 acres of flax 
( P27) . As operating capital limits were reduced to t�enty, fifteen, 
and ten thousand dollars, the land continued to be used for! producing 
corn and flax. Corn acreage increased and flax acreage decreased as 
capital became more limiting. At a five thousand dollar capital limit, 
crop product1 on on level land shifted to wheat production. A wheat­
wheat�fallow rotation was used (P24) .  
II . LI VESTOCK PRODUCTI ON 
Table 16 presents the optimum beef production plan for the high 
efficiency level program . A cow calf herd, under a 5½ month grazing 
program (P43) , was the basic livestock enterprise . However, the size 
of the cow herd was smaller at a high level of production efficiency 
than at either the medium or low levels of efficiency. At high levels 
of efficiency, crop production became more competitive with livestock 
. and forage for the use of cropland. The livestoc� activit� was limited 
to that which could be supported by native grassland. 
When capital was unlimited, a cow herd of fifty-three cows was 
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Table 1 6. Optimum Beef Production Under Several 
Restricted Capital Situations, High Efficiency Level 
u . * 
Car2ital Limi ts ( Dollars) 
Item nit 5, 000 10, 000 15,000 20, 000 Unlimited 
Cow-calf herd, 5½ month 
grazing Head 0 5 1 5 . 26 53 
Winter calf on pasture 
and hay Head 0 4 12 20 40 
Summer graze yearlings, 
4½ months Head 0 4 1 2  20 40 
Fatten yearlings Head 0 4 12 20 40 
*Livestock numbers have been rounded to the nearest whole unit. 
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brought into the optimum plan . All calves were wintered on pasture and 
hay (P55 ) and grazed the following summer (P57 ) from May 15 to Septem­
ber 1 .  Summer grazed. yearlings came o ff grass September 1 under a high 
efficiency program . This  compared to - October 1 for a low and a medium 
level efficiency program . At the end of the summer grazing period, the 
calves were put into a dry lot fattening program (P62 ) . 
When the capital restricti on was reduced to twenty thousand 
dollars, the cow herd was reduced to twenty-six cows . All of the 
calves were wintered, summer grazed, and fattened at the end of the 
summer grazing period . 
The cow herd was reduced to fi fteen cov1s· when capital was re­
stricted to fifteen thousand dol l ars . A ten thousand dollar capital 
limit further reduced the cow herd to five cows . In each case the 
calves were wintered on pasture and hay, grazed for 3½ months in the 
summer, and then placed into a drylot fattening program . 
At a five thousand dollar capital limit there was no l ivestock 
production . 
III . · PASTURE PRODUCTION AND UTILIZATION 
Pasture production and utili zati on for an unlimited capital 
situati on are presented i n  Table 17 . Practically all forage producti on 
was from native grassland . One acre of brome-alfal fa (P78 ) and 18 . 9  
acres o f  Russian wi l d  rye (P81 ) were produced on cropland . 
Native gra ssland in " 25 per cent conditi on "  (P9g ) was renovated 
und er a high level of eff iciency in crop and l ivestock production . 
Table 17. Pa sture Producti on and Uti l i z ati on with High Level 
Ef ficiency in Crop and Livest0ck Producti on, Capita l Unl imited 
Item 
Tame pa sture 
Brome-a l falfa, 
rotated and ferti l i zed 
Rus s i an wi ld rye 
Na tive gra s s  
75% conditi on, 
not ferti l i zed 
25% conditi on ; renovated 
Hay 
Crop a ftermath 
Corn stubble 
Small gra in stubble 
TOTAL 
Livestock enterpri ses 
Cow-ca l f, 5½ month graz ing 
Winter calf, pa sture 
and hay 
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This  involves interseeding with native gia s se s . Renovation did not 
enter the optimum pl ans a t  either a low or medium level of  e f ficiency. 
Calves , wintered from November 1 to April 1 5 ,  obtained all of 
their grazing from corn stubble. 
I V . OPERATING STATEMENT 
. Table 18 s hows that gross  receipts ranged from $ 1 5 , 620 at a five 
thou sand dollar capital restriction to $32 , 129 when capital wa s unlimit­
ed. A net ranch income of  $1 6 , 974 , when capital wa s unlimited ,  is  
- \ 
$5 , 678 above that obtained under a low level of production ef ficiency. 
It is  $4 , 225 a bove that obtained by a medium level of production effi-
ciency. 
The return to management wa s greate st when capital wa s unlim­
ited. At low and medium levels o f  efficiency the return to management 
wa s greate st under a capital re striction of  twenty thou sand dollars. 
This  simply indicate s that a high level of  efficiency brings a greater 
return to re source s than doe s a low or a medium level of ef ficiency. 
The land and labor resources •in u se declined a s  capital bec�me 
more limited. At a five thou sand dollar capital limit only 747 hours 
of  labor were u sed . No live stock wa s produced a t  thi s  level and , 
consequently , no pa sture land wa s u sed. Thirty - seven acre s of  cropland 
were also idle when capital wa s restricted to five thou sand dollars. 
Le s s  cropla nd wa s u sed for production of  forage crops when a 
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Ta ble 18. Operating Statement for Optimum Ranch 
Plans with High Efficiency in Crop and Livestock 
Production Under Several Capital Limiting Situations 
CaQital Limits (Dollars ) 
Item 5, 000 10, 000 15, 000 20, 000 32, 488 
Corn sold $ 723 $16, 223 $15, 707 $14, 866 $13, 217 
Flax sold 0 4, 514 4, 751 5, 056 5, 163 
Wheat sold 14, 897 1, 695 1, 695 1, 695 1, 695 
Sale of fattened yearlings 0 986 3, 179 5, 354 10, 823 
Cull cow sales 0 112 361 609 l 2 231 . 
Gross receipts $15, 620 $23, 530 $25, 693 $27, 580 $32, 129 
Operating expensesa $ 4, 813 $ 8, 280 $ 8, 997 $ 9, 372 $11, 057 
Fixed expenses 4 2098 4 2098 4 . 098 4'2098 4 2098 
Return to operator ' s  land, 
la bor, capital, & mgt . $ 6, 709 $11 , 152  $12, 598 $14, 110 $16, 974 
Interest on operating 
capitalb @ 6% $ 300 $ 600 $ 900 $ 1, 200 $ 1, 949 
Interest on land capital 
($95, 408 @ 4% ) 3, 816 3, 816 3, 816 3, 816 3, 816 
Value of operator ' s laborC 12 121 12 746 22 039 22 334 2�967 
Return to management $ 1, 472 $ 4, 990 $ 5, 843 $ 6, 760 $ 8, 242 
MVP on operating capitald 2. 06 0 . 30 0 . 30 0. 30 0. 06 
Hours of labor used 747 1, 333 1, 536 1, 742 2, 221 
Acres of cropland in use 463 500 500 500 500 
Acres of native pasture 
land in use 0 130 414 705 1, 056 
a Hired labor included 
boperating capital included all variable costs in crop and 
livestock production plus annual investment capital in livestock. 
(Excluding feed produced and fed) 
CHours of operator labor used by the pla n @  $1 . 50 per hour . 
dshadow price 
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high f evel of produ ction efficiency was assumed than at either a low or 
a medium level of efficiency . A cow-calf herd under a s½  month grazing 
program was the ba sic livestock enterprise, just as it was for a low 
and a medium ·efficien�y level . However, · the size of the herd at a high 
efficiency level was smaller than the herd at either the medium or low 
efficiency level . Calves were wintered, summer grazed , and then placed 
in 1 a - fattening program at all levels of capital restrictions except the 
five thousand dollar level. At this level no livestock was produced. 
The size of the herd increased as more capital became 1vailable . 
At a high level of production efficiency, it became profitable 
to renovate the pa sture land in " 25 per cent condition . " However, 
renovation came into the optimum plan onl y  under an unlimited capital 
situation . 
CHAPTER VI I I  
OPTI MUM RANCH PLANS UNDER VARIABL E LEVELS OF PRODUCTI ON 
EFFIC I ENCY AND VARYING CAPI TAL RESTRICTIONS 
It is theoretically possible for an optimum plan to include one 
enterprise at a high efficiency level and another enterprise at a low 
efficiency level . This would happen if there are any .supplementary or 
complementary relationships between the enterprises in the use of ranch 
resources . To determine if any such relationships exi�ted a program­
ming model was prepared which . included activities at all levels of effi­
ciency. The efficiency levels were thus permitt�d to vary and the 
selection of efficiency levels for the optimum pl�n was given over to 
the linear programming procedure. 
The results of the linear programming, when all levels of effi­
ciency were permitted to vary , are presented in this chapter. 
I .  LAND USE PROGRAM 
Use of cropland, when efficiehcy levels were permitted to vary, 
resulted in the selection of a high level efficiency at all levels of 
capital restricti on , excepting the five thousand dollar level , Table 
19  shows that cropland with a 3 to 6 per c ent slope was maintained in a 
corn-wheat rotation ( P3O ) .  Level cropland was used to produce corn 
( P23 ) 
and flax ( P27
) . When capital was limited to five thousand 
dollars corn was produced at a medium leve l of efficiency (P12) - One 
hundred twenty acres were taken out of  corn and flax production and put 
Table 19. Optimum Land Use Program Under Various Capital 
Limiting Situations, Efficiency Level Variable 
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Item 
Capital Limits (Dollars) 
Unlim-
5, 000 1 0, 000 15, 000 20, 000 ited 
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216 . 4 
0.0 
1056. 0 
*Medium level production efficiency. All other figures are 
high efficiency level. 
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into a wheat-wheat-fallow rotation (P24 ) .  The wheat was produced at a 
high level of efficiency. Less capital inputs, in the way of ferti­
lizer and chemicals for corn production, were required at a medium 
level efficiency than at a high level of efficiency. Consequently, 
under a very limited capital situation, greater returns to capital were 
realized by shifting to the medium level efficiency in corn and produc­
ing wheat rather than flax. However, 12.l acies of flax were included · 
in the optimum plan at the five thousand dollar capital level. 
II. LIVESTOCK PROGRAM 
Livestock production with unlimited capital was carried out at a 
high level of efficiency when efficiency levels were free to vary. A 
cow calf herd under a 5½ month grazing program was the· basic enterprise 
(P43 ) .  It is the same program as presented for the unlimited capital 
situation in Chapter VII under a high efficiency level. The calves 
from fifty-three cows were wintered (P55) , grazed the following summer 
(P57) ,  and then placed in a fattening program (P62) . The optimum plan 
is presented in Table 20. 
The cow herd was reduced to thirty-four cows when capital was 
restricted to twenty thousand dollars. Eight of these cows were at a 
high level of efficiency (P43 ) in production and twenty-six were low 
(P35 ) .  The calf crop from the eight high efficiency cows were wintered, 
summer grazed, and fattened. The calf crop from the twenty-six low ' 
efficiency cows was sold at the end of the summer grazing period. 
When operating capital was restricted to fifteen thousand 
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Table 20 � Optimum Beef Production Program Under Several 
Restricted Capital Situations, Variable Efficiency Level 
E f fi -
ciency Car2ital -Limits (Dollars ) 
Item Level 5,000 10,000 15,000 20,000 Unlimited 
( Number of Head) * 
Cow-calf herd , 5½ month 
grazing. Low 0 7 22 26 0 
Cow-calf herd, 5½ month 
grazing High 0 0 0 8 53 
Winter calf on pasture 
and hay Low 0 5 16 1 8  0 
\.AI i n t er c a lf on pasture 
and hay High 0 0 0 6 40 
Summer graze yearlings, 
4½ months Low 0 5 16 1 8 0 
Summer graze yearlings, 
4½ months High 0 0 0 6 40 
Fatten yearlings High 0 0 0 6 40 
� *Livestock numbers have been rounded to the nearest whole unit. 
dollars , all livestock production was at a low level of efficiency. 
The cow herd was reduced to twenty-two cows. The calf crop was 
wintered on pasture and hay and then sold at the end of a summer 
grazing period. 
The same type of program was carried out when the capital 
restriction was further reduced to ten thousand dollars. The low 
e\ficiency cow herd was reduced to seven cows. The calves were 
wintered and sold at the end of the summer grazing period. 
No livestock production was carried out when capital was 
restricted to five thousand dollars. 
III . PASTURE PRODUCTION AND UTILIZATION 
8 1  
The pasture production program, ;hen efficiency levels in crop 
and livestock production were permitted to vary, was virtually the same 
as the program presented in Chapter VII u�der high efficiency. Under 
an unlimited capital situation all pasture production was from native 
grassland except for 0. 9 acre of brome-alfalfa  (P78) and 18. 8 acres of 
Russian wild rye (P81) . Table 21 presents the pasture program under an 
unlimited capital situation. It was observed in Table 19 that 160 
acres of native pasture land were renovated. This renovation resulted 
in a total of 839. 6 acres of native grassland in 75 per cent condition. 
Another 216. 4 acres of nativ�  grassland were used for hay • . 
When the capital restriction is anything less than unlimited � 
the pasture utilization program differs from that presented in Chapter 
VII only because of a difference in the livestock program. If 
Table 21. Pasture Production a nd Utilization with 
Efficiency Leve l Variable, Capital Un limited 
Hay May 1 6 -
Item Acre Production Ju ly 15 
-Tons - -A. U. M. -
Tame pa s ture 
Brome -alfalfa, 
rotated and fertiliz ed 0. 9 0. 3 1. 5  
Rus sian wi ld rye 18. 8 
Native gras s 
75% condition, 
not fertiliz ed 839. 6 176 . 2  
Hay 216. 4 173. l 
Crop aftermath 
Corn stubble 181 .0  
Sma l l grain stubble 34. 5 
TOTAL 1 73. 4 1 77. 7 
Livestock· enterprise s  Head 
Cow-ca lf, 5½ month graz i ng 53 142. 6 122 . 0 
Winter calf , pasture a nd 
hay 40 14. 8  
Summer graze year lings , 
4½ months 40 9. 2 55. 7 
Fatten year lings 40 6. 8 
TOTAL 173. 4 177. 7 
Pas ture Production 
Ju ly 1 6 - Sept. 1 - Nov. 1 -
Aug. 31 Oct. 31 April 15 
-A. U. M. - -A. U. M. - -A. U. M. -
0. 3 0. 4 
37. 6 
134. 5 84 . 0 
72 . 4  
3 . 4 
138. 2 122. 0  72 . 4 
9 1 . 5  1 22. 0 
72 . 4  
46. 7 
1 38 . 2  122. 0 72. 4 
Season 
Total 





3 . 4 
5 1 0. 3 
335 . 5  
72. 4 





efficiency levels are _variable and capital is limited, the optimum plan 
selects low efficiency cows. When capital is limited, a . larger herd 
can be maintained if low efficiency cows ar� used rather than high 
efficiency cows and more acres of grassland are utilized. 
IV. OPERATING STATEMENT 
. Table 22 presents the costs and returns obtained in the optimum 
plans under various capital limiting situations. N�t ranch income 
ranged from $8, 868, with a fi ve thousand dollar capital restriction, to 
$16, 974 dollars when capital · was unlimited. Management return, under 
the corresponding capital limits, ranged from $3, 126 to $8, 246. Land 
and labor resources in use decreased as capital became more limiting. 
All native pasture land was left idle at a capital restriction of five 
thousand dollars. 
V. SUMMARY 
The optimum plans arrived at in this chapter gave priority to 
crop production as capital became more limiting. Corn and flax were 
produced on level land at capital limits of ten thousand dollars and 
above. They were produced at a high level of production efficiency. 
At a five thousand dollar capital limit 120 acres of cropland were 
shifted out of corn and flax production and into a wheat-wheat-fallow 
rotation. The corn production at this low capital level was carried 1 
out at a medium level of efficiency and wheat production was a t  a high 
efficiency level. A corn-wheat rotation, at a high efficiency level, 
Table 22. Operating Statement for Optimum Ranch Plans 
with Variable Efficiency in Crop and Livestock 
Production Under Several Capital Limiting Situa iions 
Ca2ital Limits ( Dollars) 
Item 5,000 10, 000 15, 000 20, 000 
84 
32, 470 
Corn sold $12, 066 $16, 357 $16, 039 $15, 354 $13, 237 
Flax sold 533 4, 501 4, 732 5, 147 5, 166 
Wheat sold 5, 637 1, 695 1, 695 1 , 695 1, 695 
Sale of fattened yearlings 0 0 0 1, 669 10, 815 
Cull cow sales 0 161. 518 793 1, 230 
Yearlings sold off grass 0 898 2�889 32360 0 
Gross receipts $18, 236 $23, 612 $25, 873 $28, 018 $32, 143 
Operating expensesa $ 5, 270 $ 8, 297 $ 8, 976 $ 9, 645 $11,071 
Fixed expenses 4 2098 4 2098 4 2098 4 2098 4 2098 
Return to operator ' s land, 
labor, capital, & mgt. $ 8, 868 $11 , 21 7  $_1 2, 799 $14, 275 $16, 974 
I nterest on operating 
capitalb @ 6% $ 300 $ 600 $ 900 $ 1 , 200 $ 1, 948 
Interest on land capital 
( $95, 408 @ 4%) 3, 816 3, 816 3, 816 3, 816 3 ; 816 
Value of operator ' s  laborc 1 2626 1 2836 22331 2 2676 22964 
Return to management $ 3, 1 26 $ 4, 965 $ 5, 752 $ 6, 583 $ 8, 246 
MVP on operating capitald 0. 64 0. 32 0. 32 0. 28 0. 06 
Hour� of labor used 1, 263 l·, 398 1 , 747 1, 984 2, 219 
Acres of cropland in use 500 500 500 500 500 
Acres of native pasture 
land in use 0 224 718 1 ,056 1,056 
aHired labor included 
boperating capital included all variable c osts in crop and 
livestock production plus annual investment capital in livestock . 
(Excluding feed produced and fed) 
CHours of operator labo� used by the plan @  $1. 50 per hour. 
dshadow price 
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was maintained on sloping land in all instances. 
Livestock production was carried out at  a high ef.ficiency level 
when capital was not limited. The returns under these conditions were 
such that all 25 per cent condition pasture land could be renovated and 
all native pasture be fully used . A cow-calf herd of fifty-three cows 
was maintained. The calves were wintered, summer grazed, and then 
faftened . 
Capital was removed first from the livestock program as  capital 
became more limiting. This was done by shifting to low efficiency cows 
and reducing the size of the herd. Such a procedure permitted more 
cows to be maintained, than if high efficiency cows were kept, and more 
grassland was utilized. 
Net ranch income at a five thousand dollar capital limit was 
$8, 868. This is $2, 159 greater than the net ranch income under a five 
thousand dollar capital restriction when �fficiency levels were pre­
selected at high level, as was done in Chapter VII . 
Net ranch income , when capital was unlimited, is $16, 974 . This 
is the same as when efficiency levels were preselected at a high effi­
ciency level since, under an unlimited capital situation, the optimum 
plan selected high efficiency level enterprises in all instances. 
CHAPTER IX 
OPTIMUM RANCH PLANS UNDER MIXED LEVELS 
OF PRODUCTION EFFICI ENCY 
Ranch operators Bre not necessarily efficient in all enter­
prises. They may be highly efficient in livestock production and low 
in crop production, or vice versa. Optimum plans were developed for an 
unlimited capital situation by mixing the efficiency levels. Two plans 
were developed. One plan assumed low efficiency in crop production and 
high efficiency in livestock produc�ion. Another plan assumed high 
efficiency in crop production and low efficiency in livestock produc­
tion. 
This chapter presents the optimum plans obtained when mixed 
efficiency levels were assumed. 
I .  LAND USE PROGRAM 
The land use program presented in Table 23 shows that a corn­
wheat rotation was used on slopi ng land in both plans. When the effi­
ciency in crop p�oduction was low, relative to that in livestock 
production, more cropland was used for pasture production than when the 
efficiency relationships were reversed. There were 235 . 9  acres of 
cropland in tame pasture under a "low crop-high livestock" efficiency 
level. This compares to 31. 7 acres with a "high crop-low live.stock' �  
efficiency level. 
With a high efficiency in crop production there were 285. 8 acres 
Table 23. Optimum Land Use Program with Mixed 
E fficiency Levels, Capital Unlimited 
Efficiency Levels 
Low Crop High Crop 
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Item High Livestock Low �ivestock 
Cropland in grain, 3-6% slope 
Corn grain 
Wheat 





· Total cropland in grain 
Cropland in pasture 
Brome-alfalfa, rotated & fertilized 
Sudan grass 
Russian wild rye 
Total cropland in pasture 
TOTAL CROPLAND 
Native pasture land 
75% condition, not fertilized 
25% condition, deferred grazing 
Winter grazing pasture 
Native hay 
TOTAL NATI VE  PASTURE LAND 
-Acres-
34. 5 34. 5 
34. 5 34. 5 
169. 2 281. 0 
13. 4 4. 8 
1 2. 5  0. 0 
0. 0 113. 5 
264. 1 468. 3 
145 . 5  0. 0 
28. 5 0. 2 
61. 9 3 1 . 5  
235. 9 31 . 7  
500. 0 500. 0 
452. 0 716. 5 
160. 0 160. 0 · 
112. 4 0. 0 
33 1 . 6  179. 5 
1056.0 1056. 0 
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of corn ( P23) and 113. 5 acres of flax (P27 ) produced. When crop pro­
duction efficiency was low there were 182. 6 acres of co�n (P1 ) and 12 . 5 
acres of barley ( P3) .  However, under a low efficiency in crop produc­
tion 1 3. 4 acres of corn were harvested as silage compared to 4. 8 acres 
when the crop efficiency was high. 
I I. LI VESTOCK PROGRAM 
Table 24 presents the optimum livestock program for an unlimited 
capital situation . Under a "low crop-high livestock" efficiency level 
there were 105 cows maintained in the cow herd (P43) .  This is a larger 
cow herd than was arrived at for any other optimum plan : A cow-calf 
program with s½ month grazing was included in both of the plans for 
mixed efficiency levels. With a "high crop-low livestock" situation 
there were fifty-two cows (P35 ) maintained in the herd. Table 24 shows 
that· in both plans the calves were wintered on pasture and hay, grazed 
the following summer, and then placed in a fattening program. 
III. PASTURE PRODUCTION AND UTILIZATION 
Table 25 presents the pasture production and utilization program 
under a "high crop-low livestock '' efficiency situation. Cattle went on 
pasture May 16. All grazing through July 15 was from native grassland. 
During July and August the optimum plan called for one-half AUM of 
sudan grass (P80) . The small grain stubble also provided 3. 5  AUMs df 
grazing during the same period. Russian wild rye (P81) used 31. 5  acres 
of cropland to provide fall grazing in September and October. · After 
Tab le 24. Optimum Beef Production Program with Crop and 
Livestock Ef ficiency Levels Mixed , Capital Unlimited 
Efficiency Levels 
Low Crop High Crop 
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Item High Livestock Low Livestock 
Cow-calf herd, 5½ month grazing 
Winter calf on pasture and hay 
Summer graze yearlings, 4½ months 
Fatten year lings 









Table 25. Pasture Production �nd Utilization with High Efficiency in Crop 
Production , Low Efficiency in Livestock Production , Capital Unlimited 
Pa sture Production 
Hay May 16- July 16- Sept. 1 - Nov. 1 - Sea son 
Item Ac re Production July 15 Aug. 31 Oct. 31 April  15 Total 
-Tons - -A. U. M. - -A. U. M. - -A. U. M. - -A. U. M. - -A. U. M. -
Tame pa sture 
Sudan gra s s  0. 1 0. 5 0. 5 
Rus sian wild rye 31.5  63. 0 63. 0 
Native gra s s  
75% condition , 
not fertilized 716. 5 150. 5 1 14. 6 71. 7 336. 8 
25% condition, 
deferred grazing 160.0 25. 6 16.0 9. 6 12. 8 1 9. 2 57. 6 
Hay 1 79. 5 143. 6 
Crop aftermath 
·corn stubble 108. 8 43. 5 43. 5 
Sma ll grain • stubble 34. 5 3. 5 3. 5 
TOTAL 169. 2 166. 5 128. 2 147. 5 62. 7 504. 9 
Livestock enterprises Head 
Cow-c alf , 5½ month grazing 52 140. 1 119. 9 89. 7 1 19 . 9 329. 5 
Winter c alf , pa sture and 
hay 37 13. 1 62. 7 62 . 7  
Summer graze yearlings , 
4½ months 37 7. 5 46. 6 38. 5 27 . 6 1 12. 7 
Fatten yearlings 37 8. 5 
TOTAL 169. 2 166. 5 128. 2 147. 5 62. 7 504. 9 
-
November 1 the cow herd was wintered on hay . .  This  hay was produced 
entirely from native grassland ( P97 ) . Calves requi red 62 . 7  AUM ' s of 
graz ing in the winter . Thi s  was supplied from the deferred grazing 
system ( P95 ) on the 25 per cent condition pasture land ·and also by 
grazing the corn stubble . 
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The pasture program arrived at under a "low crop-high livestock" 
effi ci ency situation is presented in Table 26 . Thi s  program required 
more brome-alfalfa and sudan grass than did the plan previously de­
scr i bed . Cattle went on pasture May 16. Brome-alfalfa, that was 
fertili zed and rotated (P78 ) ,  provided most of the grazing during this  
period for 1 05 cows and 80 yearling calves . During July and August the 
cow herd and yearling calves obtained about one-hal f  of the requi red 
graz ing from . 28 . 5 acres of sudan grass (P80) . The remainder was 
supp l ied by the brome-alfal fa, native grass, and small grain stubbl e . 
During September and- October graz ing was needed only for the cow-calf 
herd. One-half of this required grazing was from 6 1 . 9 acres of Russian 
wild rye ( P8 1) . After November l the cow herd was wintered on hay .  
Winter graz ing for the calves was obtained from native grass and corn 
stubble . 
IV . OPERATING STATEMENT 
Costs and returns for · the opti mum plans are presented in Table 
27 . Net ranch income- was approximately one thousand dolla�s greater 
under a "high crop-low l ivestock " effi ci ency °level than under a "low 
crop -hi gh livestock" effici ency level. Gross recei pts, under high 
Table 26. Pasture Production and Uti l i zation with Low Effici ency in  Crop 
Production, High Effici ency in Livestock Production , Capital Unl imited 
Pasture Production 
Hay May 1 6 - July 1 6 - . Sept. 1- Nov . 1 - Season 
Item Acre Production July 15 Aug. 31 Oct. 31 April  1 5  Total 
-Tons- -A. U . M. - -A. U. M. - -A. U. M. - -A. U. M. - -A. U. M. -
Tame pasture 
Brome-alfalfa , 
rotated and fertiliz ed 145. 5 53 .. 8 242. 5 44. 8 60. 6 347. 9 
· Sudan grass 28. 5 142. 5 142 . 5  
Russian wild rye 6 1. 9  123. 7 123. 7 
Native grass 
75% condition ,  
not fertili z ed 452. 0 94. 9 72. 32 45. 2 212. 4 
25% condition , 
deferred graz ing 160. 0 25. 6 1 6. 0 9. 6 12. 8 19. 2 5 7. 6 
75% condition, 
winter graz ing 112. 4 64. 1 64. l 
Hay 331. 6 265. 3 
Crop aftermath 
Corn stubble 203 .,7 61 . 0  61. 0 
Small grain stubble 47. 0 4. 7 4 . 7  
TOTAL 344. 7 353. 4 273. 9 242. 3 1 44 . 3 1, 013. 9 
Livestock enterprises Head 
.-
Cow-calf, 5½ month giaz ing 105 283. 4 242. 5 181. 3 242. 3 666. l 
Winter calf, pasture and 
hay 80 29. 5 144. 3 144. 3 
Summer graz e yearlings, 
4½ months 80 18. 3 110. 9 92. 6 203. 5 
Fatten yearlings 80 13. 5 
- �  
TOTAL 344. 7 353. 4 273. 9 242. 3 1 44. 3 1 , 013. 9  
f\). 
Table 27. Oper ating Statement for Optimum Ranch 
Plans with Mixed Efficiency Levels in Crop 
and Livestock Production, Capital Unlimited 
Efficiency Levels 
Low Crop . High Crop 
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Item High Livestock Low Livestock 




Fattened yearlings sold 




Return to operator ' s  land, la bor, 
capital and management 
Interest on operating capitalb @ 6% 
Interest on land capital ($95, 408 @ 4% ) 
Value of operator ' s laborc 
Return to manag�ment 
MVP on operating capitald 
Hour.s of labor used . 
Ac res., of cropland in use 
Acres of native pasture land in use 
Operating capital used 







$ 9, 026 
4 ,098 
$14, 390 
$ 3, 100 
3, 816 
3,896 

























boperating capi tal includes all variable costs in crop and 
livestock production plus annual investment capi tal in livestock. 
(Excluding feed produc ed and fed ) 
CHours of operator labor used by the plan @ $1. 50 per hour . 
dshadow price 
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efficiency in crops, was $30, 169. This compares to $27, 514 when crop· 
production efficiency was low. 
Return to management was $6, 595 under " high crop-low livestock" 
and $3 , 578 under " low crop-high livestock. " This large difference in 
management was due primarily to differences in the quantity of resources 
used by the two plans . The " low crop-high livestock " situation employed 
$24, 007 more capital and 485 hours more labor than did the " high crop- · 
low livestock" situation . All land was fully employed in each plan. 
V .  SUMMARY 
More cropland was used for pasture production under a "low crop­
high livestock" efficiency situation than under a " high crop-low live­
stock" program. Brome-alfalfa, sudan grass, and Russian wild rye were 
produced on cropland. When the efficiency in crop production was low, 
relative to that for livestock production, enough cropland was used to _ 
produce 182. 6 acres of corn and 12. 5 acres of barley . When the effi­
ciency in crop production was high, relative to that for livestock 
production, 285. 8 acres of corn and 113. 5 acres of flax were produced. 
When the production efficiency in livestock was high, relative 
to that for crop production, a large cow herd was maintained . The cow 
herd was reduced in size as livestock production efficiency declined 
relative to that in crop prod0ction. Calves were wintered, grazed 
during the summer, and then fattened in both of the optimum plans 
developed under mixed efficiency levels . 
The "low crop- high livestock " situation employed $24, 007 more 
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capital and 485 hours more labor than the "high crop-low livestock " 
situation . However, the return to management was $3, 017 greater when 
the ef ficiency in crop production was high . 
CHAPTER X 
RANCH PLANS THROUGH TI ME 
Pasture renovation was included in the optimum plan when crop 
and livestock production efficiency was high and capital was not a 
limiting factor. However, pasture renovation requires that no grazing 
be carried out for a period of two years while new seeding is becoming 
established. This quite often creates difficulties in livestock 
management. The loss of grazing land for a two year period can reduce 
income. It creates problems in handling livestock and may even force a 
reduction in the size of the cow herd if a large amount of pasture is 
renovated. 
To estimate the optimum ranch organization when pasture renova­
tion is undertaken, plans were developed for two different time 
periods. Time period one 1epresents a two year period during which a 
new seeding -is becoming established. Time period two represents the 
time period after the seeding is established and all native grassland 
is in 75 per cent condition. 
l t  was assumed, during time period one, that 160 acres of native 
grassland in 25 per cent condition would be renovated as a unit. 
During this time period, a fifty cow herd was forced into the plan 
under the assumption that a 6 ow herd of this size was to be maintained. 
It will be recalled that the optimum plan presented in Chapter VIII,, 
under an unlimited capital situation, had fifty-three cows in the herd. 
This, however, was under a situation where _ pasture renovation had been 
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carried out and all of the grazing land was in 75 per cent condition . 
Therefore, it was decided to accept an objective of maintaining .a fifty 
cow herd during time period one. It was also decided that no perennial 
pasture crops should be permi tted to enter the plan if they did not 
appear in the optimum plan arrived at in Chapter VIII . Therefore, the 
crested wheatgrass activity was removed from the model. The model for 
time period one also removed pasture renovation as an activity and 
I 
reduced the �upply of native pasture by 160 acres. All costs of ren­
ovation were subtracted from the functional value of the program in 
the same manner as fixed coits . 
The model for time period two did not include pasture renova­
tion as an activity. However, it did include crested wheatgrass . 
Since all costs of renovation were taken out in time period one only 
the costs of pasture maintenance were included in time period two. All 
native pasture (1, 056 acres) was assumed to be in 75 per cent condition. 
It is the purpose of this chapter to present the optimum plans 
obtained for time period one and time period two. The two plans were 
developed under a situation where efficiency levels were variable and 
capital was unlimited. 
I .  LAND USE PROGRAM 
Table 28 presents the optimum land use programs for time period 
one and time period two. The table shows that all land with � 3 to 16 
per cent slope was maintained in a corn-wheat rotation under both plans . 
Cropland in grain was reduced during time period one compared to time 
Table 28. Optimum Land Use Program When Pasture 
Renovation is Undertaken, Two Time Period 
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Situations, Efficiency Levels Variable, Capital Unlimited 
Item 
Cropland in grain, 3-6% slope 
Corn grain 
Wheat 




Total cropland in grain 
Cropland in pasture 
Brome-alfalfa, rotated & fertilized 
Sudan grass 
Russian wild rye 
Total cropland in pasture 
TOTAL CROPLAND 
Native pasture land 
Renovated pasture, unused 
75% condition, not fertilized 
Native hay 







































117. 4  
480.2 
1. 0  
0.0 








period two. The program during time period two produced 293. 8 acres of 
corn and 117. 4 acres of flax on the level land. This compares to 297. 3 
acres of corn and 98. 4 acres of flax during time period one . All 
activities were carried out at a high level of efficiency . 
Table 28 shows that 35. 3 acres of cropland were used to produce 
tame pasture during time period one. This included thirteen acres of 
br�me-alfa lfa (P73) , 2. 3 acres of sudan grass (P80) , and twenty acres 
of Russian wild rye (P8 1) for fall gra zing. During time period two, 
one acre of brome-alfalfa was produced and 18. 8 acres of Russian wild 
rye. 
During time period one 160 acres of native pasture were unused 
during the period of renovation. There were 697. 2 acres of native 
grassland (P92) used for pasture and 198. 8 acres used for hay (P97) 
during this period. In time peri�d two 839. 6 acres were used for 
pasture and 216. 4 acres were used for hay � 
II. LIVESTOCK PROGRAM 
Table 29 shows that a cow-calf program under a 5½ month grazing 
program (P43) was the basic enterprise in the optimum plan. Fifty cows 
were included in the program during time period one and fifty -three 
were included during time period two. All calves in both plans were 
wintered on pasture and hay (P55), grazed for 3½ months the following 
summer (P57) , and then placed in a drylot fattening program (P62) . 
Table 29. Livestock Program During Two Time Periods of Pasture 
Renovation, Efficiency Level Variable, Capital Unlimited 
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Effi- Time Time 
c iency Period Period 
Livestock Enterprise Level Unit* One Two 
Cow-calf, 5½ month grazing High Head 50 53 
Winter calves on pasture and hay High Head 38 40 
Summer graze yearlings, 3½ months High Head 38 40 
Fatten year lings High Head ' 38 40 
*Livestock numbers have been rounded to the nearest whole unit. 
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III. OPERATING STATEMENT 
Table 30 presents the costs and returns for time period one and 
time period two. Operating expenses included all variable costs in 
crop and livestock production plus labor hired. No interest charge on 
operating capital was included in operating expenses. Fixed expenses 
differ between the two plans by the amount of the pasture renovation 
costs . The�e costs amount to $3. 61 per acre after subtracting $6. 00 
per acre as an Agricultural Conservation Program payment. 
The return to the operator ' s land, labor, capital, and manage­
ment (net ranch income) in time period one was $ 15,698. This compares 
to $ 17,157 during time period two. Another comparable net ranch 
income, $ 16,974, was presented in Table 22, page 84. This net ranch 
income was arrived at when efficiency levels were permitted to vary and 
pasture renovation entered the plan as an activity. However, in the 
case where pasture renovation entered the plan as an activity, it was . 
assumed that a fifty-three cow herd, as well as more acres of grain 
production, were maintained through all time periods. The analysis in 
this chapter indicates that cropland must be shifted to pasture produc­
tion to maintain a cow h�rd during the time when pasture is being 
renovated. 
Table 30 shows that the return to management in time period one 
was $7,036 compared to $8,429 in time period two. More capital and 
land were used during time period two than ti�e period one but t here 
was very litt l e  difference in the amount of labor used. 
Table 30. Operating Statement During Two Tirne Periods of Pasture 








F lax sold 
Wheat sold 
Sa le of fattened yea rlings 




Return to operator ' s land, labor, 
capita l and management 
Interest on operating capita lb @ 6% 
Interest on land capita l ($95, 408 @ 4%) 
Value of operat6r ' s laborc 
Return to management 
MVP on opera ting c apita ld 
Hours of labor used 
Ac res of cropland in use 
Acres of native pasture land in use 
Operating c a pital used 
a Hired labor included 
$ 1 3, 485 
4, 330 
1 , 695 
10, 210 
1 ,1 61 
$30, 881 
$10, 506 
4 , 677 
$15, 698 
_ $ 1 , 861 
3, 816 
2,985 





$31, 01 7  
$13, 237 
5, 166 
1 , 695 
10, 815 




$1 7, 157 
$ 1, 948 
3, 816 
2,964 




1 , 056 
$32, 467 
boperating capita l includes all  variable costs in crop and 
livestock production plus annua l investment capital in livestock. 
(Excluding feed produced and fed ) 
cHours of operator labor used by the plan @ $1. 50 per hour . 
dshadow price 
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I V .  SUMMARY 
To maintain a fifty cow herd during a period of time in which 
160 acres of native grassland was being renovated, the optimum plan 
converted cropland to tame pasture production. Brome-alfalfa pasture 
that was rotated and fertilized was the major pasture crop that was 
added. There were 2. 3 acres of sudan grass and twenty acres of Russian 
wi�d rye also produced on cropland. 
A cow-calf enterprise, under a 5½ month grazing program, was 
maintained before and after renovation. All calves, in both time 
periods, were wintered, summer grazed, and then fattened. 
Net ranch income was $1, 459 lower in time period one than time 
period two. 
PART TWO 
FACTORS ASSOCIATED WITH PASTURE 
I MPROVEMENT WORK BY RANCHERS 
CHAPTER XI 
PROBLEM AND OBJECTI VES 
Part One of this study has employed linear programming as a tool 
of a nalysis. Heady and Candler state that "linear programming is 
mainly a procedure for providing normative answers to problems which 
are so · formulated. "1 The analysis in Part One has been normative in 
that it has specified the manner in which a ranch ought to be organized 
under a specified set of conditions and objectives. 
Part Two of this study is a positive a nalysis. It attempts to 
investigate the activities of ranchers and explain the existing situa­
tion in regard to pasture improvement work. 
It is the purpose of this chapter to describe the problems and 
objectives with which the positive analysis is concerned. 
I. THE PROBLEM 
The analysis in Part One of this study - has indicated that tame 
grass pastures can profitably be included in the land use program of 
ranches in the Williams-Tetonka-Cavour soil association area. Espe­
cially is this shown for situations where capital is not a limiting 
factor. However, only 29 out of 160 farmers and ranchers, included in 
a survey of central South Dakota, reported having tame grass pastures 
a s  part of their land use program. Fourteen out of the 160 reported 
lEarl O. Heady and Wilfred Candler, . op. cit. , pp. 8-9. 
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they had pasture i mprovement expeiience involvi ng n ative pastures . The 
experiences reported includBd ferti l i zation, resting the range, rota­
tion gra zing, new seedings of native gra ss, and interseeding into 
native grass pastures ; The number of ranchers reporting experience in 
various types of activities for pasture i mprovement purposes is shown 
in Table 31 . Sixty-five different farmers and ranchers reported 
pasture improvement activities. Many of these did pasture improvement 
work in several of the categories listed in Table 3 1. 
In view · of the importance of high producing grassland for beef 
production purposes, the results of thi s survey raise questions as  to 
why more ranchers have not engaged in pa sture i mprovement v,ork . Over 
grazing i s  reported by Extension Agents as being a ma jor problem in 
pasture management. 
I I .  OBJECTI VES OF THE STUDY 
Linear programrning has demonstrated that production efficiency 
and ca ital level can affect the profitability of pasture improvement 
as  part of the land use program. It is further hypothesized in this 
study that many additiona l factors influence the amount of pa sture 
improvement work done by ranchers . 
· The objective of this study is  to identify some of these factors . 
III. METH0D AND PROCEDURE 
The I odel 
A multiple l inear correlation . model v1as empl oyed i n  identifying 
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Table 31 . Number of Ranchers Reporting Pasture Improvement Experience 
Type of Pasture Improvements 
Tame grass seeding* 
Native grass seeding** 
Native pastur� fertilized 
Tame grass fertilized 
Range rested 
Rotation grazing on native grassland 
Interseeding into rangeland 
Sprayed for weeds 











*Tame grass includes: Bromegrass, tame rye, intermediate wheat­
grass, crested Wheatgrass, Russian wild rye, reed canaiy, sudan grass, 
and various mixtures of these grasses with alfalfa . 
**Native grass includes: Western wheatgrass, needlegrasses, 
switchgrass, big bluestem, sideoats grama, and blue grama . 
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factors associated with the amount of pasture improvement work doni by 
ranchers . Fifteen variables were identified for use in the model . A 
list of these variables is presented in Table 32. Variable x14  repre­
sented total acres of pasture improvement work and served as the 
dependent variable. Variable x15  also served as a dependent variable. 
A detailed discussion of these variables and how they were me?sured is 
present€d in Chapter XII. The mathematical .model may be expressed as: 
It was not the intent of this analysis to establish associations 
for predictive purposes. Consequently, interest was centered in the 
association between variables and the closeness of this association as 
measured by the coefficient of determination. 
Source of Data 
- --
Data for quantifying the variables used in this study were 
obtained from a survey of 1 60 farmers and ranchers in Faulk, Hyde·, 
Aurora, and· Gregory Counties . This survey was taken during June of 
1965 by a staff of five interviewers. 
Table 32. Variables Used in Multiple Correlation Model 
Xi = Amount of capital available (net worth) 
X2 - Expectation of a satisfactory stand from a new seeding 
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X3 = Risk and uncertainty associated with beef cow herds relative to 
other enterprises 
X4 = Profitability of range improvement relative to other alternatives 
X5 = Pasture improvement may be done on a · small scale 
X6 = Degree to which handling of livestock while seeding is 
established is observed as a problem 
X7 = Pasture acres per animal unit 
x8 = Per cent of total land operated that is owned 
X9 = Understanding of the technology of pasture improvement 
x10 = Innovativeness of the rancher 
X11 = Age of th� operator in years 
X12  = Years of formal education 
X13 - Total ranch acres 
x14 = Total acres of pasture improvement work done in a recent ten year 
period 
Xis = Did or did not do any pasture improvement work 
CHAPTER XII 
DESCRIPTION OF THE MODEL 
A multiple regression analysis was used to identify factors 
associated with the amount of pasture improvement work done by ranchers. 
There are a great many factors that may be considered. A description 
of the factors used in this study and how they were measured for use 
in a multiple correlation analysis is presented in this chapter. 
I. MODEL VARIABLES 
Amount of Capital Available ( X1 )  
The amount of pasture i mprovement work done may be a function of 
the quantity of capital available. Capital available -was measured by 
means of net worth. Net worth for each rancher was arrived at through 
an inventory of assets and liabilities obtained in the survey. 
Expectation of � Satisfactory Stand from � New Seeding (X2) 
Ranchers who have a high expectation for a satisfactory stand 
from a new seeding may be more likely to do pasture improvement work 
than those who have a low expectation. Seeding failures add to produc­
tion costs with no addition to returns. A low expectation of success 
would deter ranch operators from maki ng this type of investment . Each 
rancher included in _ ·the survey was asked to state the number of years 
out of five that he would expect to obtain � satisfactory stand from: 
(a ) a new seeding of tame grass, ( b )  a new seeding of native grass, and 
(c ) interseeding a pasture-type alfalfa into a native grass pasture. 
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The ranchers ' responses to each of the three · different types of seeding 
were totaled for a score. The maximum score attainable was fifteen and 
the minimum score was zero. 
Risk and Uncertainity Associated with Beef Cow Herds Relative to Other 
Enterprises (X3) 
Beef production is the major livestock enterprise in central 
South Dakota. There were 149 ranchers out of 160 included in the 
survey who kept a beef cow herd. This means that a high proportion of 
\ 
grassland production is processed through a beef cow herd. The ranch-
er ' s  beliefs regarding the amount of risk and uncertainty associated 
with a beef cow herd may influence the amount he is willing to invest 
in grassland . improvement. · The risk and uncertainty factor, however, is 
a relative thing and can be measured only in relation to other alterna­
tive enterprises available to the rancher. These would include the 
more common alternatives of raising sheep or hogs, steer grazing, and 
crop production. The enterprises listed in Table 33 were presented to 
the ranchers. They were asked to rank them from one to six on the . 
basis of dependability of income. 
Table 33. Enterprise Ranking According to Dependability of Income 





Yearling steer grazing 
Cash crop production 
1. 5 
2. 9 
3 . 4 
3 . 7  
4. 4 
5 . 0  
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The ranking which a rancher gave to the cow-calf operation and 
the cow-yearling operation were added together for a score. The min­
imum possible score of three would indicate that the rancher rated beef 
cow herds first in dependability of income. A maximum possible score 
·of eleven would indicate that beef cow herds were ranked last in depend­
-ability of income. The average score for each enterprise, as shown in 
Table 33, indicates that ranchers considered a cow-calf operation less 
risky than any of the other enterprises. Cash crop production was 
considered the most risky enterprise by ranchers ircluded in the survey . 
Profitability of Range Improvement Relative to Other Alternatives (X4) 
Ranchers were asked to consider the alternative areas of invest-
ment presented in Table 34. 
Table 34. Profitability Ranking of Various Investment Alternatives 
Ente�prise Average Ranking 
Increasing size of beef cow herd 
Investing in another livestock enterprise 
Investing in range improvement 
Investing to increase crop production 
Investing in Government bonds 
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· Each rancher then ranked t'he alternatives in orcl 1:?r of likely 
profitability per $100 invested. The range_ in possible score for any 
one enterpris� would be one to five. If ranchers believe that capit�l 
earns a smaller return when invested in range improvement, as compared 
to other alternatives, they may not invest in range improvement work . 
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The average ranking given to range improvement by 156 ranch operators 
included in the survey was 3. 03 . However, investing in crop .production 
was ranked on an equal basis with pasture improvemerit work as shown in 
Table 34. Ranchers, ◊n the average, would invest to increase the size 
of the beef cow herd or invest in some other livestock enterprise 
before inv�sting for range improvement. Government bonds were rated 
last in relative profitability. 
Degree to Which Rang� Improvement May Be Done on � Small Scale (X5) 
Enterprises or practices that may be conducted on a small scale 
are conducive to adoption on _ a trial basis by ranch operators. The use 
of fertilizer is an example of such a practice. It may be used on one 
acre of land as a trial or used on all of the land if the rancher so 
chooses. Some enterprises are not adapted to trial on a small scale o 
The adoption of a system for grade A milk production would be an exam­
ple of this. A farmer could not invest a ·small amount of money and 
sell part of his milk on the grade A market. He must make a consider­
able investment in milking equipment, pipe lines, bulk cooler, etc. A 
decision to shift to grade A milk production would come slower than a 
decision to use weed sprays, fertilizer or any other practice that may 
be adopted on a small scale . · The consequences of a decision on a small 
scale activity are not as great as for those on a large scale. If 
pasture improvement work must be carried out on a large scale basis it 
may be likely to deter investment in this a·rea . Those ranchers that 
believe pasture improvement work must be done on a large scale basis 
may not be as likely to invest in pasture improvement work as those 
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who do not. Ranchers included in the survey were asked whether or not 
they could do some range improvement work a few ac
.
res at a time each 
year or whether it would have to be done a whole pasture at a time. A 
yes or no response was obtained. This variable was therefore fitted 
· into the model as a dummy variable. In the correlation model "l" 
equals yes and 1 10 " equals no. Out of 156 ranchers included in the 
survey, 85 answered yes, 61 answered no, ind 10 didn ' t  know. Fifty-
; 
four and one-half per cent of the ranchers surveyed indicated that they 
believed range improvement work could be conducted on a small scale 
\ 
basis. 
Degree to Which Handling of Livestock is Observed as £ Problem (X6) 
When pasture improvemint work is being done, it may be necessary 
to keep livestock off the range for a period of time, which may, in 
turn., cause problems in handling livestock. Other pastures on which 
livestock can graze may not be available. Ranchers in the survey were 
asked the following question : Do you consider that handling your cattle 
while reseeding rangeland is 
l. No pro}:)lem? 
2. Somewhat of a problem? 
3. An important problem? 
4. A very important -problem? 
A score of 4 -was given to those respondents who felt that han­
dling of livestock was a very important problem. Those who felt that 
no problem was involved received a score of one. If a rancher felt 
that a very important problem existed in regard to the handling of 
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livestock while seeding or improving a portion of  rangeland he would be 
less likely to undertake improvement work . There were fifty-six 
respondents who felt that no problem was invol ved, forty-one believed 
it was somewhat of a problem, twenty -six regarded it as an  important 
probl em, and thirty-three stated that it was a very important problem . 
Current Stocking Rate ( X7 ) 
Those persons who desire to expand the size of their beef herd 
may endeavor to do so by several means: (1) Rent or buy more pa sture 
land, (2) improve their pasture productivity, or (3 )  increa se the 
stocking rate . A rancher who is currently overstocking his pasture may 
be more likely to engage in pasture improvement work than one who is 
not . Data from the survey permitted the computation of total pasture 
acres and total animal units on pasture during 1965 . Acres per animal 
unit were calculated for each rancher and used as an independent var ­
i able in  the model . 
Per Cent of Tota l Land Ooera ted that is Owned ( x8) 
ONnership  may permit greater security of tenure and greater 
freedom of mana gement . Under these conditions ranch operators may be 
in a better position to make long time pl ans fo� range improvement . 
The per cent of land owned was computed for each ranch included in  the 
survey and used as an independent variable in the model . 
Understanding of the Technology of  Pasture Improvement ( X
9
) 
To obtain satisfactory results from pasture improvement it is 
necessary that the proper technol ogy be employed . This  includes the 
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use of . adapted varieties, use of ferti lizer, . proper planting methods, 
and many other practices. If a rancher does not understand this tech­
nology he may be reluctant to begin any past�re improvement work. With 
the assistance of agronomists at South Dakota State University_, a set 
of questions  was formulated which would measure a persons understanding 
o f  pasture improvement technology. Each questi on was further scored on 
the basis of the type of response. The set of  questions and the tech­
nique for scortng is presented in Table 35. 
A total score was computed for each rancher by summing the 
scores on each question. · The total score was used as an independent 
variable. 
Innovativeness of j::he Rancher, ( x1 0) 
It was decided in advance of the survey to measure innovative­
ness by a techn ique developed by Rogers, Havens, and Cartano. 1 Their 
approach involves determi ning an innovativeness score for each farmer 
for the purpose of categorizi ng adopters of farm practices as to their 
degree of innovativeness . Innovativeness measures the degree to which 
an individual is early in adopting practices compared to other members 
of his community . Ranchers who are innovative in nature may do more 
pasture improvement work than those who are not . 
An innovativeness score for each rancher was determined on the 
1Everett M. Rogers, A. E. Havens, and D. G. Cartano, The 
Construction of Innovativeness Scales , Mimeo Bulletin A. E. 30 ; Ohio 
Agricultural Experiment Station, Department of Agricultural Economics 
and Rural Soc i o logy, February , 1 962. 
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Table 35. Scoring System on Familiarity 
with Range Improvement Technology 
Question and Response Score 
1.  What fertilizer would you use on native range? 
( a )  Use phosphorous or don ' t know 0 
(b ) Use a mixed fertilizer or above 40 pounds of nitrogen 
per acre l 
(c ) Use 10 -40 pounds of nitrogen per acre 2 
( d )  Use no fertilizer or would take a soil sample 3 
2. What plants would be best for interseeding into native range? 
( a )  Don ' t  know or none 0 
(b ) Any type of clover l 
( c )  Alfalfa alone or crested wheat alone 2 
( d) Only grass plants 3 
( e) Both alfalfa and grass 4 
3. How can one best control gum weed and pasture thistle? 
( a) Don ' t know 0 
1 
· 2  
( b ) Mowing 
(c) Use 2, 4 -D 
(d ) Specifies rate, time, and ·form of 2, 4-D use 3 






(a) Don ' t  know or any time previous - to May l 
•) ( b )  May l to July 15  
(c ) June 1 to August or September 
( d )  June 1 to July 15 
5. How can we increase producti�n of green grass early in the 
6 • . 
season? · 
(a) Don ' t  know 0 
( b) Apply nitrogen during late fall or in April l 
(c) Use early emerging cool season grass (no species) 2 
( d) Refrain from late fall grazing S 
{ e) Use crested wheat or Russian wild rye or both c and d 
are stated 4 
(f) Both d and e are · stated 5 
When is supplem�ntal pasture needed with cool season grasses? 
I 
0 (a) Don ' t know 
(b) Other than July 15  to September 1 5  
( c) July 1 5  to September 15 
l or 2 
3 
Table 35. (continued ) 
Question and Response 
7. What is the best height for first spri ng grazing of green 
needlegrass or western wheat grass? 
1 1 8 
Score 
(a ) Don ' t know 0 
(b ) 2 to 4 inches or over 10 inches 1 
(c ) 8 to 10 inches 3 
(d )  5 to 7 inches 4 
8.
1 
What is the be st way to improve alkaline or low spots? 
(a ) Don ' t  know 0 
(b ) Plant reed canary or creeping meadow fescu� in low 
s pots 1 
(c ) Seed tall wheatgrass in alkaline spots 2 
(d )  Both b and c are mentioned 3 
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basis of his answers t o  questions on time of . adoption of new practices. 
Questions were formulated from recommendations of Animal Science and 
Agronomy Extension Specialists. Nineteen recommended practices, 
adapted to the area in which the sur�ey was conducted, were selected by 
using the following criteria: 
1. Practices must have been recommended by State Univ�rsity 
specialists. 
2. The practices, or new ideas, should be applicable to the 
ranchers in the survey area and generally not involve large 
outlays of c apital in order to adopt them. 
3. They should be practices most likel y  to have been adopted 
within the last ten years so that farmers could recall the 
adoption date. 
Table 36 presents the list of practices and per cent of ranch 
operators who have adopted each practice. Each rancher was asked to 
state the year in which he began using the practice. Interviewers did 
not consider a practice adopted unless it was .put into permanent 
practice. Each practice was then categorized in one of three  ways: 
(a ) the year in which it was adopted, (b) not adopted at all, or (c) 
the practice was not applicable to the rancher ' s situation. This 
information was obtained from forty ranchers in each of the four 
counties previously - mentioned by a staff of five interviewers. All 
five interviewers worked in a single county until the surv�y was com� 
pleted. 
Analys i s  of data. The range of adopti on dates was determined 
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Table 36. Adoption of Recommended Practices by 160 Ranchers, to 
Whom Practices Were Applicable, in Central South Dakota 
Total 
to Whom 
Practice . Applicable 
1. Use 2, 4-D for weed control in small 
grain 
2. Use treated seed for seeding small 
grain 
3 �  Test soil for fertilizer requirements 
4. Plant crested wheat for spring 
pastures 
5. Grow Ranger or Vernal Alfalfa for hay 
6. Cut alfalfa for hay in early bloom 
7. Frequently purchase c�rtified seed 
8. P l ant sudan grass for supplemental 
pasture 
9. Practice rotation grazing on tame 
pasture 
10. Use stubble mulch tillage 
11. Use soil sterilants for noxious weed 
patches 
1 2. Participate in beef performance 
testing 
13. Use stilbestrol in beef cattle 
., feeding 
14. Use Ronnel, Co-Ral, or Rulene for 
grub control 
15. Use haylage 
16. Calve heifers as 2 -year-olds 
17. Adopted a range plan 
1 8. Computes nutrients i.n c attle rations 
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for ea ch pra ctice and the dates of adoption were arrayed to show the 
number of adopters of a practice in each year. When asked for the year 
in which he first began using a practice, the respondent may have re­
plied that he had _ always used the practice. When this response was 
received, the date of adoption was considered to be the year in which 
he  started farming. Tabl e 37 presents data to illustrate the procedure 
used in arraying the dates of adoption. Only two practices are pre­
sented to serve as an example of the method employed. 
After establishing the frequency distribution of the time of 
adoption for each practice, the next step was that of assigning a "sten 
score. " This was done by assigning a score from O to 9 based upon the 
time of adoption and assuming a normal distribution. Past research in 
the adoption of farm practices indicates that the adoption of a new 
practice over time wi ll either be normal ly distributed or else closely 
approach normality. 2 Table 38 is the guide used for assigning "sten 
scores" for the year of adoption as presented in Tabl e  37. Table 38 
shows that under a normal distribution 2. 3 per cent of the adopters 
should receive a "sten s core" of nine. These would be the earliest 
adopters . Another 4. 4 per cent would receive a score of eight . Under 
a normal distribution 68. 2 per cent of the adopters would receive a 
score ranging from three to six. 
In assigning scores for the year of adoption, it was necessary 
to give the same score to all respondents who adopted a practice in 'any 
2Everett M. Rogers, "Categorizing the Adopters of Agricultural 
Pra ctices",  Fural Soc iology 23 : 345 �·354 , 1958 . 
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Table 37 . Time of Adoption and Sten Scores 
Assigned for Growing Ranger or Vernal Alfalfa 
and Using Stilbestrol i n Beef Cattle Feeding 
Grow Ranger or Vernal Alfalfa Use Stilbestrol 
Number of Sten Number of Sten 
Date of Adopters Score Adopters Score 
Adoption Ea ch Year Assigned Each Year Assigned 
1945 2 9 3 9 
1946 l 9 l 8 
1947 l 9 2 8 
1948 0 l 8 
1949 3 8 0 
1950 5 8 2 8 
195 1 · o  0 
1952 l 7 0 
1953 3 7 0 
1954 l 7 0 
1-955 9 7 2 7 
1956 l 6 l 7 
1957 2 6 0 
1958 3 6 3 7 
1959 2 6 0 
1960 5 6 2 7 
1961 5 6 l 7 
1962 5 6 5 6 
1963 6 5 l 6 
1964 6 5 l 6 
1965 4 5 3 6 
Never adopted 95 3 90 4 
TOTAL 160 1 1 8 
Don ' t  apply 0 42 
Total respondents 160 160 
Table 38. Score Guide Used in Converting 
Time of Adoption to Sten Scores 
Per Cent of Number of Respondents 
Respondents Receiving Each Sten 
Sten Receiving Each Score When Sample 
Score Sten Score Size is 160 
9 2. 3 4 
8 4. 4  7 
7 9. 2 15  
6 14. 9 24 
5 19. 2 30* 
4 19. 2 30* 
3 . 14. 9 24 
2 9. 2 15 
1 4. 4 7 
0 2. 3 4 
TOTAL 100. 0 160 
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Number of Respondents 
Receiving Each Sten 
Score When Sample 












*When rounded to the nearest whole number 19. 2 per cen t of 160 
would be 31.  Howevei, the total would then add to 162 so the two 
largest categories are rounded to 30. 
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given year. For example, 2 . 3 per cent , or three of the responde�ts, to 
which the practice of using slilbestrol was applicable, are to receive 
a "sten score" of  nine. In  Ta ble 37 we see that three respondents 
adopted the practice in 1945 so al l three receive a score of -nine. The. 
next five respondents (4 . 4 per cent) are to receive a score of eight . 
Ho vever, it is noted that in order to assign a score of eight to 
exactly five respondents only one of the two who adopted the practice 
in 1950 should receive a score of eight . There is no basis for distin­
guishing between the two so both are given a score o f  eight. This 
l eaves one less respondent to receive a score of seven in the succeed­
ing category. Ten respondents are now to receive a score of seven . 
Taole 37 sho vs that if the next ten respondents are to receive a score 
of seven, only one of the five who adopted the practice in 1962 should 
receive a score of seven . Since less than half of those who adopted 
the practice in 1962 should receive a score of seven, they are all 
given a score of six. This allocation of scores, according to a normal 
distribution, is continued for the remaining years. An average score 
is computed for all the non-adopters. Four ( 2. 3 per cent) of the non­
adopters are to receive a low score of zero. The next five are to 
receive a score of one . The average score for all those who never 
adopted the practice of using stillbestrol in cattle feeding is four . 
Every respondent was next assigned a score for each separate 
practice according to the date of adoption. An average score was com­
p0ted for eac h respondent and this was his innovativeness score as 
arrived at by the method employed by Rogers , Havens, and Cartano. 
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It is noted that under this technique - an individua l ' s innova­
tiveness score is determined by the number of practices he has adopted 
as well as how early he adopted the practice. Individua ls who started 
farming in recent years could not possibly receive as high a score as 
those who started farming ear lier since they had no opportunity to 
adopt a practice. In this survey there were eleven responde�ts who had 
started farming since 1960. It, therefore, seemed necessary to make an 
adjustment  in the score for the year in which an individual started 
farming. To do this, a linear regression analysis was run with the 
innovativeness score as the dependent variable and the year in which 
one started farming as tpe independent variable. The estimating 
equation obtained was: 3 
Y = 4.54176 - . 007215X 
In correcting the scores each score was reduced downward by 
. 007215 for each year that the date of starting farmi0g deviated from 
1 965 and rounded to three digits. Table 39 presents the adjusted 
innovativeness score for each farm operator included in the survey. 
The mean innovativeness score was 4. 07 and the range was from 2. 85 to 
5. 75 . 
Older operators may not be interested in making long time invest­
ments in range improvements. Many factors, associated with age, may 
3r n  testing the hypothesis that b = O, a t  value of  2. 08 was 
obtained. With 158 degrees of  freedom thi� is significant at the . 05 
level o f  probability and the hypothesis is rejected. 
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Table 39. Innovativeness Scores, Corrected for Year 
Started Farming, for Farm Operators Included in a 
Sample Survey of Central South Dakota Farm Operators 
Farm Innova- Farm Innova- Farm l nnova - Farm Innova-
Num- tiveness Num- tiveness Num- tiveness Num- tiveness 
ber Score ber Score · ber Score ber Store 
101  5. 00 201 3. 53 301 4. 36 401 4. 09 
102 4. 34 202 3. 61 302 3. 85 402 3. 43 
103 4. 05 203 3 . 57 303 3. 70 403 4. 02 
104 3. 28 204 4 . 27 304 3. 74 404 4. 78 
105 3-. 40 205 4 . 46 305 3. 46 405 4. 72 
1 06 4. 19 206 4. 41 306 3. 14 406 4. 52 
107 4. 25 207 3 . 85 307 3. 97 407 3. 01 
108 3. 25 208 5. 72 308 3. 69 408 3. 70 
109 4. 68 209 3 . 26 309 3. 46 409 3. 83 
110 3. 65 210 3 . 79 310 3. 73 410 4. 48 
111 4. 21 211 4. 39 311 5. 62 411 4. 30 
1 12 3. 57 212 4. 80 312 3 .• 59 412 3. 70 
113 4. 56 213 3. 50 313 3. 41 413 4. 65 
1 14 . 3. 38 214 3. 71 314 3. 49 414 3. 75 
115 3. 56 215 4. 66 315 4 ; 56 4 15 4. 20 
116 3. 59 216 4 . 70 316 5. 24 416 4. 06 
1 17 3 . 88 217 3. 83 317 5. 01 417 4 .. 26 
1 1 8  3 . 55 218 5. 75 318 3. 00 418 3. 69 
1 19 3. 86 219 4. 14 319 4. 57 419 3. 92 
120 4. 10  220 3. 94 320 4. 02 420 4. 60 
121 4. 80 221 4. 48 321 4. 04 421 4. 31 
122 4. 80 222 4. 49 322 3. 70 422 3. 04 
123 4. 75 223 5. 06 323 4. 49 423 4. 17 
1 24 4. 21 224 3. 97 324 4. 25 424 3. 93 
1 25 3. 47 225 4. 5 1 325 4 . 67 425 4 . 24 
126 4. 60 226 4. 25 326 3. 57 426 3 . 05. 
127 4. 16 ,227 4. 78 327 5 . 07 427 3. 61 
128 3. 61 228 3. 91 328 5. 32 428 3. 79 
1 29 4. 30 229 5. 72 329 4. 14 429 3. 78 
130 3. 95 230 5. 48 330 3. 71 430 3. 91  
131 3. 44 231 4. 28 331 3. 67 431 3 . 16 
132 3. 80 232 4 . 81 332 4. 43 432 3 . 59 
133 2. 98 233 3. 62 333 4. 04 433 3. 94 
134 3. 45 234 4. 51  334 3. 54 434 3 . 86 
135 4. 43 235 4. 12 335 2. 85 435 3. 61 
136 4. 46 236 4. 58 336 3. 52 436 3. 69 
137 3. 43 237 4. 26 337 3. 68 43·7 3. 53 
I 
138 4. 02 238 4. 44 338 4. 14 438 3 . 86 
139 3. 57 239 4. 95 339 4. 78 439 4. 33 
140 4. 06 240 4. 78 340 3. 92 440 3. 82 
Range 2. 85 to 5. 75 Mean = 4. 07 
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act to cause an individual to avoid investments in range improvement. 
Age was therefore fitted into the model as an independent variable. 
Years of Formal Education (X12) 
Formal education and training may facilitate an understanding of 
the value of pasture improvement as well as the methods for pasture 
improvement. Years of formal education were used as an independent 
variable. 
Operators of large ranches may be more interested in doing pas­
ture improvement work than operators of small ranches. Many factors 
such as capital position, personal characteristics of the operators, or 
adequate land for handling livestock_ while reseeding may cause ranch 
size to be a factor related to the amount of pasture improvement work 
done. Total ranch acres were used as an independent variable in the 
model. 
Acres of Pasture Improvement Work Done (X14 ) 
The amount of pasture improvement work done was measured in 
acres. It was the dependent variable in the model. Interviewers asked 
each rancher in the survey t� list any kind of pasture improvement work 
which had been done within . the last ten years. 4 It included seedings , 
resting the range, fertilization, weed spraying, and rotation grazing. 
For purposes of this study, pasture improvement work was defined as 
4This would be a ten year period up to and including 1965 . 
128 
"any activity whic h had as its objective an increase in pasture produc­
tion per acre. " I t  inc luded the activities presented in Tab l e  31 , 
page 107. 
Pasture acres represents a cumulative total of all  improvement 
activities. For example, if an individual seeded five acres of brome­
alfalfa for pasture in 1960, twenty acres in 1962, and fertilized fifty 
acres of native pasture in 1963, he would have a total of seventy-five . 
acres of pasture improvement work. 
Did or Did Not Do Pasture Improvement Work (X15) 
This was measured by means of a dummy variable. A "l" indicates 
that pasture improvement work was done and a "0" indicates that no 
pasture improvement work was done. 5 
5For a discussion of dummy variables consult Robert Ferber and 
P. J. Verdoorn ,  Re search Methods i n  Economics and Business, Macmillan 
Company, New York , 1962, pp . 369 -372 . 
CHAPTER XII I 
RESULTS OF SIMPLE CORRELATION ANALYSIS 
A straight line regression analysis , using the variables dis­
cussed in Chapter XII, was run under two situations. Table 40 presents 
the zero order correlation coefficients when all ranchers (1�6) includ­
ed in the surveyl were included in the correlation analysis. Table 41 
presents the zero order correlation coefficients when only those 
ranchers who had done pasture improvement work were included in the 
correlation study. 
It is the purpose of this chapter to discuss the relationship 
between variables where the zero order correlation coefficient was 
found to be significantly different from zero, as presented in Tables 
40 and 41. 
I. NET WORTH 
Per Cent of Total Land Operated that is Ovvned (Xg) 
Net worth was found to be significantly associated with land 
ownership. This is logical and expected. As the per cent of land 
owned increased the amount of net worth also increased. it  is a 
positive association. 
lFour of the original 1 60 ranchers in the survey are not in­
cluded in this analysis because of insuffi�ient information . 
Table 40. Simple Correlation Matrix, 156 Observations , 
All Farms and Ranches Drawn in Random Sample Su-rvey 
Variable , 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .,_ 
1 1 .000 .032 .041 -;003 .031 -.no . 154 0299 ° 0043 . 315 * *  . 205* .081 • 713"'* .088 .oos 
2 1 .000 .012 .009 . 110 -.034 0022 .084 . 177• .025 -.037 0021 .033 0 157 . 198* 
3 l o000 .039 0081  . 126 -0058 0043 -.070 . 037 - .073 -. 106 -.112 . 084  . 118 
4 1.000 -.165 *  .042 . 017 -.072 -0 113 · -. 101 .207• • -.059 -. 009 -.153 -.1s 3• 
5 1 .000 -0 379* * -0023 -.041 . 155 0 115 -0099 .oso .068 . 109 .187 * 
6 loOOO -. 101 0012 -0 172 *  -.187. -0031 -. 112 -. 160* -. 169* -. 114 
7 1.000 .094 -. 138 -.054 . 1s2• -0015 0 336 * *  .063 -.141 
8 1. 000 -.055 .146 .268* * -.062 . 050 · .036 . 038 
9 1.000 . 192 *  -.245* * 0129 -.031 0 119 . 250 . . 
· 10 lo000 -.012 0192 * 0 246 * *  . 241• · 0 237 * * 
11 lo000 -.255••  .108 -.oos -. 236 * • 
12 lo000 . 092 .oo4 .038 
.-
13 1.000 .010 0 031 
14 1.000 . s49• • 
15 
1.000 
• si�nificant at . os level (.157 ) 
• Q  Si�nificant at .Ol level ( .206 ) 
Table 4l o Simple Correlation Matrix, 64 Observ�tions, 
Fanns and Ranohes Having Done Pasture Improvement Work 
V2.rb.ble 1 2 3 4 5 6 7 8 
1 loOOO 0233 -007 3 0027 0065 -. 118 0 060 0 248. 
2 1.000 -.089 .oas -.078 -. 118 . 113 0056 
3 1.000 _445• •-.047 .080 . 024  .094 
4 1.000 -.195 0148 -. 096 -. 104 
5 1 .000 -0276 * .041 .021 
6 l oOOO -.285* .028 









* Significant at .os level ( 0246 ) 
• • s i�nificant at .Ol level ( 0320) 
9 10 11 
.ooo 0 377 . .  o 37a • •  
0219 0099 0122 
-0 396 · * 0016 . 143 
-.224 -. 162 . 190 
.064 0019 . 151 
-. 215 -. 090 -. 195 
-. 125 -0037 . 101 
-. 174 . 199 0 238 
1.000 0 151 -. 245* 
loOOO .064 . 
1 .000 
12 13 14 
0148 06 30° 0 180 
0 168 0 290 .. o lOO 
-.154 -o l4l .042 
-.257• 0050 -.098 
.021 .071 0012 
-0095 -. 132 -.208 
.057 _ 334• • 0 286*  
-0084 -0053 .031  
0 388* *-. 110 -.035 
.233 . 167 . 195 
-. 300* . 173 . 259 • 






















I nnovativeness of the Rancher (x10 ) 
132 
Innovativeness - was found to vary directly with net worth. The 
correlation coefficient was significant at the l per cent level in 
Tabl� 40 and also in Table 41. This would indicate that it was the 
, more innovative i ndividual who had a large net worth. However, it must 
be recognized that no direction of causation can be determined from the 
correlation analysis. It could also be reasoned that individuals with 
a large net worth are more i nnovative. 
Age of Operator i n  Years. (Xu) 
A positive association exists between age of the rancher and net 
worth. This is another logical association that one would expect to 
find. Net worth increases with age. The correlation coefficient was 
significant at the l per cent level in Table 41 and at the 5 per cent 
level in Table 40. 
Total Ranch Acres ( x1 3) 
Net worth was more closely associated with the amount of land 
operated than with any of the other factors. The correlation coeffi­
cient was significant at the l per cent level in both tables. Ranch 
size varied directly as the . net worth varied and it could be logically 
argued that there were lines of causation running in both directions. 
II. EXPECTATION OF A SATISFACTORY STAND 
FROM A NEW SEEDING 
Understanding of the Technology of Pasture Improvement (Xg )  
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The expectation of a satisfactory stand from a new seeding was 
1 significantly associated with an understanding of the technology of 
pasture improvement when all ranchers in the survey were a part of the 
analysis. Among ranchers who had done pasture improvement work the 
association was significant at slightly greater than the 5 per cent 
level of probability. The association was positive. It would seem 
reasonable to assume that a greater understanding of the technology 
would influence the expectations from a new pasture seeding. An under­
standing of the technology would, in itself, create a greater degree of 
confidence in the expected outcome. Such understanding would eliminate 
many apprehensions as to whether or not the seeding was properly made 
and l eave only the factors beyond control �f the rancher as risk 
elements . 
Total Ranch Acres ( X1 3) 
The expectation of a satisfactory stand from a new seeding was 
associated with ranch size only among those ranchers who had done 
pasture improvement work. The correlation coefficient of . 29 was 
significant at a 5 per c�nt level of probability. After a decision had 
be�n made to do pasture improvement work, it  was the large ranches that 
had the most acres of pasture improvement work done . The operators of 
large ranches had the gre�test expectation of success from new seedings. 
The correlation coefficient was . 033 when all ranchers in the survey 
were inc luded in the analysis. 
Pasture Improvement Experience (X15) 
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Table 40 shows that the expectation of a satisfactory stand from 
a new seeding was positively associated with a decision to do pasture 
improvement work. Variable 15 in Table 40 is a dummy variable. A "l"  
indicates that pasture improvement work was done and a "0"  indicates 
that no pasture improvement work was done . If a "l" is interpreted as 
also meaning that the decision to do pasture imprbvement work has been 
made, then a correlation coefficient of . 198 would indicate that 
ranchers who had made this decision had a hi.gher expectation of success 
from a new seeding. It might also be interpreted as those with expe­
rience in pasture improvement work had a higher expectation of success 
from a new seeding. 
I I I . 
t 
RISK AND UNCERTAINTY ASSOCIATED 
WITH BEEF COW HERDS 
Profitability of Range Improvement ( X4 ) 
The profitability of range improvement relative to other alter­
natives, as vieNed by the rancher, was associated with the amount of 
ris k  and uncertainty he attached to a beef cow herd. The correlation 
coefficient .of . 445 was significant at the 1 per cent level . This 
association existed only among those ranchers who had done pasture 
improvement work. Those ranchers who believed that beef cows had a 
high risk factor also believed that range improvement was not very 
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profitable relative to other alternatives. 
Understanding of the Technology of Pasture I mprovement ( Xg) 
F or those ranchers who had done pasture improvement work there 
wai a negative association between their understanding of the technol­
ogy of pasture improvement and the amount of risk they associated with 
beef cow herds. The correlation coefficient of -. 396 was significant 
at the 1 per cent level. Ranchers who had experience in pasture im­
provement work and also felt that beef cows were one of the more risky 
enterprises had a low understanding of the technology of pasture 
improvement. This  cannot necessarily be interpreted to mean that an 
improvement in their understanding of the technology will change their 
attitude toward the risk associated with beef cows. 
r v .  PROFI TABI LITY OF RANGE IMPROVEMENT 
Range Improvement on � Small Scale (X5) 
A correlation coefficient of -. 165 between profitability of 
range improvement and the degree to which range improvement may be done 
on a small scale was significant at a 5 per cent level of probability. 
The association was negative and significant only among all ranchers in 
the survey. However, one should note that the association among 
ranchers who had done pasture improvement work was also negative and 
not far from being· �ignificant at the five per cent level. The inverse 
association indicated that those ranchers who felt that range improve­
ment was profitable also believed that it could be carried out on a 
small scale basis. 
Age of Operator in Years (X11 ) 
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Among all ranchers in the survey there was an association be­
tween their age in years and their opinion regarding the profitability 
of pasture improvement. The association was significant at a l  per 
cent level. Older operators ranked range improvement lower in profit­
ability than did younger operators. This association was not signif­
icant among ranchers who had done pasture improvement work. 
Years of Formal Education (X12) 
Among ranchers , who had done pasture impr0vement work, there was 
a correlation coefficient of -. 257 between years of formal education 
. and their profitability ranking of range improvement. Ranchers with 
more formal y�ars of education had a higher profitability ranking for 
range improvement. 
Pasture Imorovement Experience (X15) 
Those ranchers who had done pasture improvement work ranked 
range _ improvement higher, in terms of profitability , than did those 
ranchers who had not done pasture improvement work. The correlation 
coefficient of -. 183 was significant at a 5 per cent level of prob­
ability. 
V. RANGE IMPROVEMENT ON A SMALL SCALE 
Problem of Handling Livestock (X6) 
The opinion of ranchers regarding the feasibility of small scale 
range improvem�nt work was significantly associated with the degree to 
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which they observed the handling of livestock as a problem. The 
correlation _coefficient was significant at the l per cent level among 
all ranchers in the survey and significant at the 5· per cent level 
among ranchers who had done pasture improvement work. The inverse 
association of these variables, as quantified, means that those ranch­
ers who felt that the handling of livestock was a problem also felt 
th�t range improvement work could not be done on a small scale basis. 
Experience in Pasture Improvement (X15) 
Experience in pasture improvement work was associated with the 
opinion that range improvement could be done on a small scale basis . 
Table 40, page 130, shows that the correlation coefficient of . 187 was 
significant at a 5 per cent level. 2 
VI . PROBLEM OF HANDLING LIVESTOCK 
Pash.ire Acres Per Animal Unit (X7 ) 
Pasture acres per animal unit was inversely associated with the 
problem of handling livestock . . A correlation coefficient of -. 285 was 
significant at a 5 per cent level when only those ranchers who had done 
pasture improvement work were included in the analysis. Among all 
ranchers included in the survey the association was not significant. 
21t  .should be not�d that the two variables involved (X5 and x15 ) 
are both dummy variables. Therefore, probability distributions cannot 
be assumed and there is no validity to a statistical test of signif­
icance for the correlation coefficient. Other statistical tests, such 
as Chi square, may be employed if further_ research is desired. How­
ever, the corre J ation ana lysis may be regarded as evidence in support 
of an assoc i ation between th� variables. 
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The inverse association indicated that ranchers who had a low stocking 
rate (high in acres per A. U. ) tended to regard the handling of live­
stock as an unimportant problem . 
Understanding of Pasture Improvement Technology ( x9) 
The association between an understanding of pasture improvement 
technology and the problem of handling livestock, as shown in Table 40, 
page 130, was significant at a 5 per cent level of probability. The 
correlation coefficient was -. 172. Those ranchers who scored high in 
an understanding of pasture improvement technology ranked the problem 
of handling livestock as relatively unimportant. 
Innovativeness of the Rancher (X10) 
In novativeness was inversely associated with the problem of 
handling livestock among all ranc hers included in the survey. However, 
this association was not true among ranchers who had done pasture 
improvement work. This is reasonable to expect, since those individ­
uals who had done improvement work were more innovative in nature. 
Within a group of innovative individuals there was no association be­
tween the degree of innovativeness and the problem of handling live­
stock. Among all ranchers in the survey there was a signific a nt 
association between the variables as measured by a correlation coeffi­
cient of -. 187 . Innovative individuals ranked the problem of handling 
livestock as relati�ely unimportant . 
Total Ranch Acres (X1 3 )  
Among all ranchers i n  the survey there was a significant 
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association between ranch size and the problem of handling liveitock . 
As ranch size increased the problem of handling livestock became less 
important. 
Total Acres of Pasture Improvement Work Done (X14 ) 
Table 40, page 130, shows a correlation coefficient of -. 169 
between the amount of pasture improvement work done and the problem of 
ha�dling livestock. This is significant at a 5 per cent level of 
probability. The negative association means that those ranchers who 
rated the handling of livestock as not important �ave also done more 
pasture improvement work. 
VII. PASTURE ACRES PER ANIMAL UNIT 
Age of the Operator in Years (X11 ) 
Among all ranchers included in the survey there was a direct 
assoc iation between age and pasture acres "per animal unit. This 
association was not true among those ranchers who had done pasture 
improvement work. Older operators had more acres per animal unit . 
Total Ranch Acres (X13) 
In both Table 40, page 130, and Table 41, page 131, there was a 
correlation coefficient between total ranch acres and acres per animal 
unit that was significant at the . 01 lev�l of probability . The large 
ranches had more acres per animal unit . This, of course, could mean 
that the large ranches had land with lower grass productivity per acre 
and not that the _operators of large ranches made different management 
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decisions regarding the stocking rate. However, both of these elements 
may be involved in the association. 
Total Acres .2.f. Pasture Improvement Work (X14) 
Among ranchers who had done pasture improvement work there was 
an association between the amount of pasture improvement work done and 
the acres per animal unit. A correlation coefficient of . 286 was 
significant at a 5 per cent level. When all ranchers in the survey 
were included in the analysis, the correlation coefficient was far 
below a significant level. Ranchers, who had done paiture improvement 
work and had a low pasture siocking rate (high acres per A. U. ) , had 
also done th� most pasture improvement work. 
VI I I .  PER CENT OF LAND OPERATED 
THAT IS OWNED 
Aqe of the Operator in Years (X11) 
Among all ranchers in the survey there was an association 
between per cent of  land operated that is owned and the age of the. 
operator. Table 40, page i30, shows a correlation coefficient that is 
�ignificant at the . 01 level of probability. This is a logical 
association. Older operRtors own more of the land they are operating 
than do the younger operators. 
IX. UNDERSTANDING OF PASTURE IMPROVEMENT TECHNOLOGY 
Innovativeness of the Rancher (X1o) 
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Innovativeness was directly associated with an understanding of 
pasture improvement technology. Table 40, page 130, shows a correla­
tion �oefficient of . 192 between the two variables which is significant 
at a 5 per cent level of probability. The more innovative individuals 
had a higher score in understanding of pasture improvement technology. 
Age of the Operator in Years (X1 1) 
( 
There was a significant association between age of the operator 
and an understanding of pasture improvement technology. Younger opera­
tors scored higher in their knowledge of the technology of pasture 
improvement. · The correlation coefficient in Table 40, page 130,  was 
significant at a . 01 level of probability. 
Years of Formal Education (X12) 
Among those ranchers who had done pasture improvement work there 
was an association of level of education with an understanding of 
pasture improvement technol ogy. The correlation coefficient in Table 
41, page 131, was significant at a . 01 level of probability. 
Pasture Improvement Experience (X15) 
Those ranchers wh6 had pasture improvement experience had higher 
scores in their understanding of pasture improvement technology. The 
association, as shown in Table 40, page 130 , was significant at a . 01 
level of probability . 
X. INNOVATIVENESS · 
Years of Formal Education (X12 ) 
Innovativeness was associ ated with years of formal education . 
The . more innova tive individuals had more years of formal schooling. 
The association was significant at a . 05 level of probability. 
Total Ranch Acres (X13) 
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Innovativeness and ranch size were significantly associated 
among all ranchers in  the survey . The association was signi f icant at 
a 5 per cent level of probability. 
Total Acres of Pasture ImDrovement Work Done (X1 4 )  
The amount o f  pasture improvement work done varied with innova­
tiveness . Innovative ind ivi duals d id more pasture improvement work. 
The associ ati on was significant at a . 01 level of probability. 
XI. AGE OF THE OPERATOR 
Years of Formal Education (X1 2 ) 
An inverse associ ation existed between age and years of formal 
edu6ation. The older ranchers had fewer years of formal schooling. 
The associ a tion wa s significant at the . 01 level of probability. 
Experi ence in  Pasture Improvement (X15 ) 
Exp�rience in pasture improvement was measured by a dummy var� 
iable. It was a yes or no s i tuation. In the model a "l" indicated 
experi ence  a nd a "0" i ndi c ated no experience. An inverse a ssociation, 
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as indicated in Table 40, page 130, means that those with experience 
in pasture �mprovement were found more frequently among the younger 
ranchers. 
XII. OTHER ASSOCIATIONS 
There was a highly significant association between variable X14 
an� X15 in Table 40, page 130. Variable - X14 measured the amount of 
pasture improvement work done while variable Xis indicated whether or 
not pasture improvement work had been done. Those ranchers with a zero 
rating for the X15 variable necessarily have no acres of pasture im-
provement work done. Therefore, this association is not pertinent to 
the current discussion. 
CHAPTER XIV 
RESULTS OF MULTIPLE CORRELATION ANALYSIS 
Fifteen variables were identified and discussed in Chapter XII 
for inclusion in the multiple correlation model used in this study � 
Variable X14 measured the amount of pasture improvement work done 
(a� res) and served as a dependent variable . Variable X15 was a dummy 
variable. It measured the presence or absence of experience in pasture 
improvement work and also was used as a dependent variable in one 
model. 
Three multiple regression models were used . One model employed 
X14 as a dependent variable with X1 through - X13 as independent var ­
iables. A second model substituted X15 for X14 as a dependent var­
iable . A third ·model used only the sixty-four ranchers who had done 
pasture improvement work as observations . .  Variable X1 through X13 were 
independent variables and x14 was the dependent variable. These models 
are subsequently referred to as Model A, Model B, and Model C, 
respectively . 
This chapter discusses the results of the multiple correlation 
analysis using Models A, B, and C. 
I. MODEL A 
A stepwise multiple regression program for the I. B . M . 1620 
electronic computer was used for this analysis . Results of the program 
are presented in Table 42 ; The table presents the values for R2 and 
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Table 42. F Level for Testing the Significance of R2 and for Testing 
the Significance of an Increase in Explained Sum of Squares 
Due to the Introduction of an Additional Variable, 156 
Observations, Acres of Pasture Improvement Work as Dependent 
Variable. 
( N  = Number of Observations k = Number of Independent Variab.les ) 
Variable 
k N-k -1 R2 R2F Level Xn .F Level 
1 3  142 . 13136 1. 652 5. 0. 010 
12 143 . 13130 1. 801 l 0. 017 
1 1  144 . 13119 1. 977** 13 0. 044 
10  145 . 13092 2 . 184** 1 1  0. 114 
9 146 . 13024 2. 429** 8. 0. 110 
8 147 . 12959 2. 736* 9 0. 262 
7 148 . 12803 3 . 104* 12 0. 413 
6 149 . 12560 3.555* · 7 0. 730 
5 150 . 12132 4. 142* 3 1.581 
' 4  151 . 11205 4. 764* 6 2. 385 
3 152 . 09803 5.501* 4 2 . 904*-H* 
2 153 . 08079 6. 724-X- 2 3. 820**-><-
l 154 . 05785 9. 456* 10  9. 456* 
*Significant at the l per cent level 
**Significant at the 5 per cent level 
***Significant at the 6 per cent level 
****Signif1cant at the 10 per cent level 
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the computed F level1 for testing the significance of R2. It also 
shows the F level for testing the additional explained sum of squares 
due to introducing a specific variable into the problem. 2 
When all thirteen variables were included in the regression 
problem, R2 was not signific a nt at the 5 per cent level. When variable 
X5 (range improvement done on a small scale) was dropped from the 
problem, and twelve independent variables were used, the value of R2 
i 
still was· not si gnificant . However, when eleven independent variables , 
or less, were employed in the model the value of  R2 became significant 
at the 5 per cent level. It became significant at the . 01 level of  
probability when eight or less independent variables were used in the 
regression model . 
The Xn column in Table 42 identifies the variable to be deleted 
in the stepwise regression analysis. For example, with thirteen inde­
pendent variables, an R 2 of . 13136 is obtained . The variable which 
reduced the explained sum of squares least (reduce the value of R2) 
when removed from the regression problem was variable x5 . The next 
variable to be removed from th� model was Xi · This is the net worth 
variable . It will be recalled from Part One of  this study that a reduc-
tion in available capital generally resulted i n  less pasture improvement 
2F 
R2· ( N -k -l) 




with n1 = k and n2 = N-k-1 
SS with k var . ) - ( Explained SS with k-1 var . ) 




work and a smaller cow herd. However, in the current regression 
analysis the capital position, as measured by net worth, was not 
significantly  related to the amount of pasture improvement work. 
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This can logica lly be interpreted to mean that capital (as 
measured by net worth) �as not a limiting factor in pasture improvement 
work among the ranchers surveyed . But, in terms of optimum organiza­
tion, if c apital is, in fact, a limiting factor it will reduce the 
amount of pasture improvement work done. 
In Table 42, page 145, when only one independent variable 
remained in the model, we obtained an R2 of . 05785. This is the same 
as the zero order correl ation coefficient of determination as presented 
in Chapter XIII between X14 and X10 • Varia ble x10 measures innovative­
ness . I.t was the varia ble most significantly associa ted with the 
amount of pasture improvement work done . When variable X2 (expectation 
of satisfactory stand from a new seeding) was added to the model, there 
was a significant increase in the expla i ned sum of squares, as shown in 
Table 42, page 145. 
It is also observed in Table 42 that  variables x1 0, x2, and X4 
explain 9 . 8 per cent of the variation in X1 4 • The explained variation, 
when thirteen independent varia bles were used in the model, was 13. 1 
per cent. It can now be seen that the data presented in Table 42, page 
145, may bs summarized in two main statements. 
1.  The independent variables do not explain a very large portion 
of the variation in X14 • However, the multiple coefficient 
of determination is significantly large when all but X13 
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and X12  are included in the model. 
2. Most of the vari ation in x1 4  was explained by a relatively 
few independent variables. Innovativeness (x10 ) and 
expec tation of  a satisfactory stand from a new seeding (X2 ) 
were the only two variables which added significantly to 
the explained sum of squares at a . 06 level of probability. 
II . MODEL B 
Table 43 presents the values of R2 and the F level for tests of 
significance when variable X1 s was used as the d ependent variable. 
Variable fifteen measured whether or not the rancher had done pasture 
improvement  work. When all thirteen of the independent variables were 
includ ed, an R2 value of . 21579 was obtained. This w�s significant at 
a . 01 level of probabi lity. Table 43 shows that all of the R2 values 
obtained by reducing the number of independent variables one at a time 
were significant at a .01 level of probability. 
Table 43 also shows that x2, x9, x10, and x11 were the only 
variables that added significantly to the explained sum of squares. 
These were the variables with significant partial correlation coeffi­
cients. Variables X9 and X1 1 became significant in Model B, whereas , 
they were not significant in Model A. Variable X9 measured understand ­
ing of the technology of
.
pasture improve�ent and X11 was the age of the 
operator. This would  indicate that pasture improvement work was 
carried out by those who were innovative in nature, und erstood the 
technology, were younger in age, and had good expectations for a satis-
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Table 43. F Level for Testing the Significance of R2 and for Testing 
the Significance of an Increase in Explained Sum of Squares 
Due to the Introduction of an Additional Variable, 156 
Observations, Did or Did Not Do Pasture Improvement Work as 
Dependent Variable. 
(N = Number of Observations k = Number of Independent Variables) 
k N-k-1 R2 
Variable 
R2F Level Xn F Level 
13 142 . 21579 3. 006* ( . l 1. 326 
12 143 . 20847 3. 138* 13 0. 252 
1 1 144 . 20708 3. 419* 8 0. 368 
10 145 . 20505 3. 740* 6 0. 703 
9 146 . 20119 4. 086* 12 0. 643 
8 147 . 1976 7 4. 940* 7 1. 248 
7 148 . 19086 5. 026* 5 1. 177 
6 149 . 18443 5. 616* 3 2. 226 
5 150 . 17220 6. 241* 4 2. 238 
4 151 . 15989 7 . 184* 2 4. 561** 
3 152 . 13452 7. 875* 1 1  6 . 145** 
2 153 . 09953 8. 456* 1 0  6. 308** 
l 154 . 0625 10. 267* 9 10. 250* 
*significant at the l per cent level 
** significant at the 5 per cent level 
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factory s�and from a new seeding. 
I I I . MODEL C 
Table 44 presents the results of the correlation analysis when 
X14 (amount of pasture ·improvement work done) was used as a dependent 
variable and only the sixty- four ranchers who did pasture improvement 
work were included in the analysis. The table shows that a significant 
value of R 2 was not obtained until five or less independent variables 
were included in the model. The five variables measured years of 
formal education, profitability of range improvement, innovativeness, 
age of the operator, and pasture acres per animal unit. 
An F test showed that X7 (pasture _ ac tes per animal unit) was the 
only independent variable that added significantly to ·the explained sum 
o f  squares. The F value of  5. 503 was significant at a . 05 level of 
probability. 
This would indicate that, among those ranchers who have done 
pasture imp�ovement work, the factor most c losely associated with the 
amount of pasture improvement work done is the pasture acres per animal 
unit. This is the same as the simple correlation analysis presented in 
Chapter XIII. Those ranchers with the greater pasture acres per animal 
unit were the ranchers who had done the most pasture improvement work. 
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Table 44. F Level for Testing the Significance of R2 and for Testing 
the Significance of an Increase in Explained Sum of Squares 
Due to the Introduction of an Additional Variable , 64 
· 
Observations, Acres of Pasture Improvement Work as Dependent 
Variable. 
(N = Nu�ber of Observations k = Number of Independent Variables) 
Variable 
k N-k-1 R2 R2F Level Xn F Level 
13 50 . 22222 1. 0988 9 0. 006 
12 51 • 22211 1. 2134 2 0. 287 
1 1  52 . 21773 1. 3157 13 0. 666 
10 53 . 20771 1. 3894 l 0. 212 
9 · 54 . 20454 1. 5428 3 0. 214 
· 8 55 . 20139 1. 7337 5 0. 384 
7 56 . 195,82 1. 9480 6 0. 282 
6 . 57 . 19177 2. 2540 8 0. 424 
5 58 . 18576 2. 6464** 12 0. 497 
4 59 . 1  7879 3. 2113** 4 0. 544 
3 60 . 1  7122 4. 1318* 1 0  2. 631 
2 61 . 13487 4. 7548** 11 3. 762 
l 62 . 08152 5. 5028** _7 5. 503** 
*Significant at . 01 level 
**Significant at . 05 level 
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SUMMARY AND CONCLUSIONS 
This study was concerned with the optimum organization of a 
typical ranch on a Williams-Tetonka-Cavour soil association in central 
South Dakota. The major objectives of this study were : 
· L To present alternative ranch plans for maxim_izing net returns 
under varied capital levels and efficiency levels. 
2. To determine a profit maximizing land use p�ogram from among 
t he many pasture _improvement programs and pasture manage­
ment systems for beef production on a typical ranch. 
3. To estimate optimum adjustment in ranch organization while 
undertaking a pasture renovation program. 
4. To identify factors associated with the amount of pasture 
improvement work done. 
A profit maximizing linear programming model was used in arriv­
ing at  optimum plans. Low, medium , and high levels of efficiency were 
assumed in grain crop and livestock production. Forage production was 
obtained from different management systems on tame grasses and native 
grasses. Tame grass included brome-alfalfa, crested wheatgrass, 
Russian wild rye , and sudan grass. Native grass pastures were either 
renovated, fertilized, continuous grazed, or rotation grazed. Optimum 
plans, under five different levels of capital restriction, were 
developed for each of the efficiency levels in crop and livestock pro­
duction. The typical ranch in this analysis  had five hundred acres of 
154 
cropland and 1 , 056 acres of native grass. 
I. OPTIMUM RANCH PLANS 
Results 
At a low level of efficiency cropland was shi fted out of pasture 
producti on and i nto producti on of corn, sorghum, and barley as capital 
became mbre limited. Land with a 3 to 6 per cent slope was ma intai ned· 
i n  a corn-wheat rotati on in  all situati ons. With unlimited capital 173 
acres o f  cropland were used in pasture producti on and an eighty-five 
cow herd, under a s½  m�nth grazing program, was mai ntai ned. As capital 
became more limited the si ze of the cow herd was redu�ed and fattening 
activi ties were curtailed. Pasture land i ri  poor conditi on was utilized 
through a deferred grazi ng system. A summary of net ranch i ncomes, 
under vari ous capi tal and efficiency level situati ons, is  presented i n  
Table 45. Net ranch inc ome varied from $6, 008, under a five thousand 
dollar capital restriction, to $ 11, 296 with unlimited capital. A 
summary of the returns to management is  given i n  Table 46. 
At a medium level of efficiency, cropland with less than 3 per 
cent slope was used to produce flax and sorghum, except under unlimited 
and extremely limited capital situati ons. With un1 imited capital 125 
acres of cropland were used for pasture and all the level cropland was 
in sorghum and barley . When capital wa� restricted to five thousand 
dollars, this cropland was used to produce sorghum and wheat. Some ' 
crested wheatgrass was brought into the plans at ten and f ifteen thou­
sand dollar capital restricti ons to provide early spring grazi ng for 
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Table 45. Net Ranch Income Under Various Capital 
Limiting Situations and E�ficiency Levels in Production 
Ca12ital Limits (Dollars) 
Unlim-
Production Efficiency Level 5, 000 10, 000 15, 000 20, 000 ited 
-Dollars-
Low in · crop & livestock 6, 008 7, 549 8, 90.0 9, 936 . 11, 296 
Medium in crop & livestock 6, 296 7, 949 9, 516 10, 742 12, 749 
High in crop & livestock 6, 709 11, 152 12, 598 14, 110 16, 974 
Variable in crop & livestock 8, 868 11, 217 12, 799 14, 275 16, 974 
Low in crop & high in livestock 14, 390 
High in crop & low in livestock 15, 478 
Table 46. Return to Management Under Various Capital 
Limiting Situations and Efficiency Levels in Produc tion 
Production Efficiency Level 
Low in crop & livestock 
Medium in crop & livestock 
High in crop & livestock 
Variable in crop & livestock 
Low in crop & high in livestock 







10, 000 15, 000 
-Dollars-
590 1, 184 
1, 656 2, 500 
4, 990 5, 843 
4, 965 5, 752 
(Dollars) 
Unlim-
20, 000 ited 
1, 527 1, 209 
3, 123 3, 039 
6, 760 8, 242 




yearling cattle. With unlimited capital an 88 cow herd, under a 5½ 
month grazing program, was maintained . As capital became limited the 
size of the c�w herd was reduced and fattening programs were curtailed. 
At a five thousand dollar capital restriction, no livestock was pro­
duced and net ranch incbme was $6,296. With unlimited capital, net 
ranch income was $12,749. 
At a high level of efficiency in crop and livestock production · 
it became profitable to renovate pasture land in 25 per cent condition, 
if capital was not limited. When capital was limited, deferred grazing 
was used on pasture in 25 per cent condition and all level cropland was 
used to produce corn and flax. With unlimited capital twenty acres of 
cropland - were used to produce pasture � All level cropland was in a 
wheat-wheat-fallo v rotation when capital was limited to five thousand 
dollars. A cow herd of fifty-three cows was maintained with unlimited 
capital. The size of the herd was reduced as capital became limited . 
Calves were wintered, summer grazed, and then placed in a fattening 
program at all  levels of capital restriction . Net ranch income was 
$ 16,974 with unlimited capital and $6,709 when capital was limited to 
five thousand dollars. 
With high efficiency in livestock and low efficiency in crop 
production, 236 acres of cropland were used to produce brome-alfalfa, • 
sudan grass, and Russian wild rye pasture. A herd of 105 cows was 
maintained and the calves were wintered , summer grazed, and then 
fattened. 
With high efficiency ir
i 
crop production and low efficiency in 
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livestock there was only 31 . 7 acres of cropland used for pasture and 
the cow herd was reduced to 52 cows. Corn and flax were produced on 
level cropland. All but 12. 5 acres of the level cropland were used for 
corn production when the crop producfion efficiency was low relative to 
that in livestock. Land with 3 to 6 per cent slope was kept in a corn­
wheat rotation in both plans under mixed efficiency levels. 
· The "low crop-high livestock" situation employed $24, 007 more 
capital and 485 hours more labor than the "high crop-low livestock" 
situation. But the return to management was $3, 0 1 7  greater when the 
efficiency in crop production was high. 
When the efficiency levels were variable and the choice of effi­
ciency levels was given over to the linear programming procedure, the 
optimum plan ; under an unlimited capital situation, was the same as 
under a high ef ficiency situation in both crop and livestock production. 
With unlimited capital the optimum plan selected the high efficiency 
enterprises in all cases . As capital becomes limiting the crop produc­
tion program was not altered from the program .carried out under high 
efficiency in both crop and livestock production until the five thou­
sand dollar capital level was reached. Corn and flax were the only 
crops produced. At the five thousand dollar capital level 298 acres of 
corn were produced at a medium level efficien�y and the remaining crop­
land had 120 acres of a wheat -wheat -fallow rotation and 12. l acres of 
flax. Capital was removed first from the livestock program as capitel 
became more limiting. This was done by shifting to low efficiency cows 
and reducing the size of the herd. Such a _ procedure permitted more 
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cows to be maintained, than if high efficiency cows were kept, and more 
grassland wa s util ized. 
To maintain a fifty cow herd during a period of time in whi c h  
1 60 acres of native grassland were -being renovated, t he optimum plan 
converted cropland to tame pasture production . Brome-alfalfa pasture 
that was rotated and fertilized was the major pasture crop that was 
added. A cow-calf program under a 5½ month grazing program was main­
tained before and after renovation . A ll calves in both time periods 
were wintered, summer grazed, and then fattened . 
The supply  of  May and/or October labor wa� a limiting resource 
in many of the plans . Table 47 presents a summary of unused labor in 
the optimum plans for d i fferent e ffic iency ?ituations and capital 
levels. A zero i n  the table indicates t�at the supply of labor was 
exhausted . 
Conc lusions 
Cropland had priority on the use of capital at all levels of 
efficiency employed in this study . When capital is very limited, prof­
its will be maximized by limi ting the size of the beef cow herd and 
permi tting pasture land to go idle. As capital becomes available it is 
profit� ble to place it first into crop production through the use of 
fertilizer, weed and pest control, and improved crop varieties . A 
corn-wheat rcitation was consistently the -most profitable plan on land 
with a 3 to 6 per cent slop� in al l  efficiency situations employed in 
this study . 
The most profitable crop program on level land is highly 
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Table 4 7 . Hours of Unused Labor i n  Optimum Plans for 


































Car2ital Limits (Dollars) 
5 ,000 10 , 000 · 15 , 000 20, 000 
Low Level Production Efficiency 
281 232  199 184 
0 0 0 0 
314 306 305 305 
399 378 364 · 361  
482 393 321  254 
502 505 488 464 
0 0 0 0 
3093 2 755  2449 2 172 
Medium Level Production Efficiency 
373 269  221  179 
40 0 0 0 
485 496 488 483 
427 425  409 396 
506 459 385 323 
19 1 176 188 167 
269 259  249 248 
3491  3 1 75 2906 2661  
High Level Production Efficiency 
220 339  312  284 
456 3 1  2 2  14 
468 3 16 3 14 313  
320 505 500 495 
477 444 380 3 14 
477 5 20 5 1 1  500 
287 0 · O 0 
3903 3317 3 1 14 2908 
Variable ·Leve l Production Efficiency 
393 335 299 265 
21 26 7 0 
304 3 13 305 304 -
452 502 491  485 
505 432 34 1 269 
5 1 1  5 19 508 499 
0 0 0 2 



































dependent upon the relative crop production efficiencies and the 
assumed price relationships . Individual operators must evaluate their 
own production efficiency in the various crops and ·determine the most 
profitable crops to produce through the budgeting procedure. At a low 
level of efficiency in all crops, as assumed in this study, corn and 
bar ley were produced on level cropland in the optimum plan. Under a 
medium level of efficiency flax and sorghum become the primary crops. 
At a high level of efficiency corn and flax were produced in all cases 
except where capital was extremely limited--in which case all cropland 
was used by a wheat-wheat-fallow rotation . 
The optimum plans, obtained when efficiency levels were per­
mitted to vary, indicate that capital is added beyond the cropping 
program by first investing in low efficiency livestock-. This permits 
more acres of native grassland to be used . As capital becomes more 
available, livestock numbers are expanded and livestock efficiency is 
increased by investing in better breeding stock and improved management 
programs . Livestock fattening activities are also added as more 
capital becomes available. 
In this study, it was only under a high efficiency level in both 
crop and livestock that it became profitable to interseed the 25 per 
cent condition rangeland . In all other situations this rangeland was 
utilized through a deferred grazing program. Crop production is com­
petitive with livestock for the use of cropland . The results of thi6 
study would indicate that the renovation of native pastures is not 
profitable unless there is a high efficiency in both crop and livestock 
1 6 1  
production and capital is not a limiting factor. As the efficiency in 
crop production increases it becomes more profitable to use cropland to 
produce cash crops. Forage production for livestock must then come 
from native grassland : It is not profitable to invest in range im-
, provement unless the efficiency in livestock production is relatively 
high. 
The profitability of tame grass p�stures is dependent upon the 
efficiency level in crop production and the amount of capital avail­
able. Optimum plans in this study used more cropland for tame grass 
pastures as the crop efficiency level decreased and as the capital 
level increased. The most cropland used for tame pasture production 
was under a situation of low efficiency in crops and high efficiency in 
livestock, with capital unlimited. 
Using cropland for the production of tame grass pastures to 
provide one month of early spring grazi ng _was not profitable, in most 
instances . Only under a medium level efficiency, where the summer 
grazing of yearling cattle for 6½ months was included in the livestock 
program, was it profitable to produce crested wheatgrass. 
Cow herds, in all instances, used a 5½ month grazing program and 
were wintered on pasture and hay from November l to May 15. A fall 
pasture of Russian wild rye, produced on cropland, was profitable in 
most instances. The Russian wild rye, a long with aftermath grazing in 
th� corn stubble, provided the required three months of winter graz�ng 
for the calf crop . 
The results of this study indicate the complexity of the 
management decisions that must be made on a typical ranch in central 
South Dakota. The optimum plan for any individual ranch is dependent 
upon a variety of factors. It varies with the labor supply, land 
resources, capital available, efficiency levels, and price relation­
ships. All of  the assumptions set forth in developing the optimum 
plans in this study may not fit all ranch situations. However, the 
plans may serve as guidelines to ranchers as they develop their  own 
plans to fit their particular situations. 
�gestions for Further Research 
No investigation was made into the possibility of converting 
some native grassland to tame grass production as a means of increasing 
productivity. Further investigation may also be made into the effect 
of changing price relationships upon the optimum ranch organization. 
Enterprises, other than beef, need to be studied as possible 
activities in an optimum ranch plan. Likewise, the purchase of be ef 
feeder cattle was not permitted in this model and further analysis may 
be made regarding this activity. 
Investigation may also be made into the optimum plan for dif­
ferent soil resource situations. Models that permit the hiring of 
labor may also be employed in further studies. 
The feasibility 6 £  additional efficiency l evels may need to be 
i nvestigated . The low efficiency in crop production in  this study was 
approximately at current normal yield l evels. Perhaps a lower effi­
ci ency level in crop production should be considered. Also, the 
feasibility of higher and/or lower levels of effici ency in  livestock 
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.production may be studied . 
A minimum resource model to attain a specified level of income 
may also be studied. 
As part of Research Project 423, the South Dakota Experiment 
Station has established· a pasture research farm at Norbeck, South 
Dakota. Further analysis needs to be made in the light of new informa­
tion regarding pasture productivity and management programs as a result 
of research currently being conducted . 
Additional studies may also be conducted into the effect of 
( 
different machine c omplements on resource use and optimum ranch organi­
zation. The effect of government acreage control programs and land 
tenure systems on optimum ranch plans also needs to be investigated. 
II. FACTORS ASSOCIATED WITH THE AMOUNT 
OF PASTURE IMPROVEMENT WORK DONE 
Thirteen variables were quantified by means of data obtained in 
a rand om sample survey of 160 farmers and ranchers in Faulk, Hyde, 
Aurora, and Gregory Counties. A linear multiple correlation analysis 
was used to identify variables associated with the amount of pasture 
improvement work done. The. correlation analysis was made using all 
ranchers included in the survey and also using only those ranchers who 
had d one pasture improvement work. 
Results 
Much intercorrelation existed between the variables used in this 
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study. Among all ranchers included in the survey, the following rela­
tionships were found to be significant at a . 01 level of probability. 
Age of the operator in years and --
Profitability of range improvement (rancher ' s  opiniori) 
Per cent of total land operated that is owned 
Understanding of the technology of pasture improvement 
Years of formal education 
Innovativeness of the rancher and --
Net worth 
Total ranch acres 
Total acres of pasture improvement work done 
Total ranch acres and --
Net worth 
Total pasture acres per animal unit 
Feasibility of range improvement on a small scale and 
The problem of handling livestock when renovating a pasture 
Per cent of land operated that is owned and -­
Net worth 
Relationships that were significant at a 5 per cent level of 
probability were found between the following variables: 
The degree to which handling of livestock, while seeding is 
establishe9, is observed as a problem and --
Total acres of pasture improvement work done 
Total ranch acres 
Innovativeness of the rancher 
Understanding of the technology of pasture improvement 
Innovativenes s  of the rancher and -­
Years of formal education 
Understanding of pasture improvement technology 
Age of the operator in years and -- . 
Ne� worth 
Total pasture acres per animal unit 
Understanding of pasture improvement technology and - ­
Expectation of a satisfactory stand from a new seeding 
Profitability of range improvement (ranchkr ' s  opinion) and 
Feasibility of doing range improvement on a small scale 
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A dummy variable, w�ich measured whether or not pasture improve­
ment work was done, was included in �he model. 
There was a significant simple correlation coefficient between 
the doing of pasture improvement work and --
Expectation of satisfactory stand from a new seeding 
Profitability of range improvement (rancher ' s  opinion) 
Feasibility of range improvement on a small scale 
Understanding of pasture improvement technology 
Innovativenes s  of the rancher 
Age of the operator in years . 
. A multiple correlation analysis was, made using ] 56 observations 
(all ranchers in the survey) and thirteen independent variables, with 
pasture improvement work done as a dependent variable. The independent 
variables which added s ignificantly to the explained sum of squares 
were: 
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1. Innovativeness of the rancher (. 01) 1 
2. Expectation of a satisfactory stand from a new seeding (. 06) 
3 .  Profitability of range improvement (rancher ' s opinion) (. 10) 
Ah R2 value of .098 was obtaihed when the above thre� variables 
were the only independent variables in the model. The R2 value was 
significant ly large at a . 01 level of probability . 
. A second multiple correlation an�lysis was made using 156 obser­
vations and thirteen independent variables with the dependent variable 
being a dummy variable which measured whether or not pasture improve­
ment work was done. T�e independent variables which added signif-
� cantly to the explai ned sum of squares were : 2 
1. Understanding of pasture improvement technology (. 01) 
2. Innovativeness of the rancher (. 05) 
3. Age of the operator in years (. 05) 
4. Expectation of a satisfactory stand from a new seeding (. 05) 
A third multiple correlation analysis was made using 64 observa-
tions (those who have done pasture improvement work) and thirteen 
independent variables, with the amount of pasture improvement work done 
as a dependent variable. Pasture acres per animal unit was the only 
variable which added significantly to the explained sum of squares in 
this instance. 
lNumbers in parentheses indicate the probability level for 
significance as determined by an F test. 




Approximately 1 3 per cent of the variation in the amount of 
pasture improvement work done can be explained by the variables employ­
ed in this study. This is a relatively small amount , but the associa­
tion of the independent variables with the dependent variable is 
statistically s ignificant. Those factors that contributed most 
s i �nif icantly to the variation in the amount of pasture improvement 
work done were innovativeness of  the rancher, his expectations regard­
ing a satisfactory stand from a new seeding, and his opinion regarding 
the pro fitability of range improvement. The first of these three var­
iables was found to be significantly associated with the years of formal 
education. It should be further noted that, the resu l ts of the s imple 
correlati on analysis has shown a statistically significant association 
between under standing of the technology of pasture improvement and the 
expectation of a satisfactory stand from a new seed ing. This  has impli­
cations for Extension worker s  in developi ng educati onal programs. Farm 
and ranch tours to observe successful applications of pasture improve­
ment technology, information on improve� varieties and methods of s��d­
ing, demonstration plots, and other educational activities of thi s 
nature can influence the amount of pasture improvement work done. 
Research work to develop improved techniques for pasture renova­
tion and reduce the risk factor in estab�ishing new seedings would 
al so aid  i ri getting more pasture improvement work done . 
The rancher also needs to decide �hether or not pasture improve­
ment is  the most profi table activity - for him to undertake . Results of 
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the linear programming_ study has indicated that pasture improvement can 
be profitable, but this is only after capital has been utilized to its 
ful lest extent in the cropping program. It �hereiore does not seem 
likely that pasture improvement will ·be undertaken seriously until 
efficiencies in crop production have been fully exploited and adequate 
capital is available for investment in livestock programs. It should 
be recognized, however, that this study has not evaluated the risk and 
uncertainty involved in crop production. Ranchers in the survey rated 
cash crop production as the most risky enterprise. 
A distinction needs to be made between the amount of pasture 
improvement done and the decision to do pasture improvement work in 
either a small  or a large amount. This is the difference between Model 
A and Model B in the multiple correlation analysis of this study. The 
Model B analysis indicated that those who had done pasture improvement 
work were frequently . more innovative in nature, had higher scores in 
the understanding of pasture improvement technology, were younger, and 
had higher expectations of success from a new _seeding. These were the 
four independent variables most significantly associated with the 
undertaking of pasture improvement work, not considering the amount of 
pasture improvement work done. 
Suggestions for Further Research 
I nvestigation may . be conducted into new techniques for measuring 
the variables employed in this study. Likewise, additional variables 
may be considered that would add to the per cent of explained variation 
· in pasture improvement work. 
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Additional studies of this nature may be undertaken in the West 
River area of South Dakota. This is the area where native range is of 
primary importance and the role of range improvement in maxi mizing 
profits may be different from that in central South Dakota. Informa­
tion needs to be obtained from the West River area on rancher expe­
rience and attitude toward pasture improvement work. 
Additional statistical techniques, including nonparametric 
statistics, may be employed in making further analysis of the variables 
identified in this study . 
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Fencing (annual costs : 28 miles @ 25¢/rod) 
Telephone a nd electricity 
Professional services 





















aAverage value of land operated, Hyde County survey = $59. 63 
per acre. 
Table 49. Inventory of Permanent Structures 






















21 12  sq. ft. 
2600 sq. ft. 
4850 bushels 
1600 lineal ft. 












Table 50. Return Over Variable Costs Per Acre for 













Table 51. Summary of 
Number of  Farms 







brand, & vaccinate 
















* Summary of data obtai ned 
Efficiency Level 




































55 19 13 5 
50-99 100-149 150-199 200-350 
-Man Hours Per Cow-
0. 292 0. 352 0. 193 0. 726 
1. 599 1. 135 1. 216 l . '070 
4. 106 2. 986 2. 374 1. 078 
1. 002 0. 597 0. 454 0. 172 
0. 570 0. 421 0. 350 0. 400 
1. 602 1. 568 1. 741 2. 620 
0. 071 0. 053 0. 037 0. 012 
2. 114 1. 940 1. 640 0. 731 
11. 356 9. 052 8. 005 6 . 809 
in survey. 






'.:) 12 • · 
0 











Figure IV. Relationship of Man Hours Per Cow to Size of Herd 
I 
40 80 120 
Log y = 4. 13861 - . 4248 log x n 
(. 06396) 
n 
N = 141  
R2 = . 24085 (sig. at . 01 level) 
' 
160 200 



















Feeder calves, 415# low-good, October 
Feeder calves, 480# low-good, January 
Feeder calves, 425# good, October 
Feeder calves, 500# good, January 
Feeder calves, 435# choice, October 
Feeder calves, 520# choice, January 
Yearli ng feeders, 547# low-good, April 
Yearling feeders, 574# good, April 
Yearling feeders, 600# choice, April 
Heavy yearling feeders, 762# low-good, October 
Heavy yearling feeders, 800# low-good, November 
Heavy yearling feeders, 813# good, October 
Heavy yearling feeders, 857# good, November 
Heavy yearling feeders, 816# choice, September 
Heavy yearling feeders, 912# choice, November 
Slaughter cattle, 1100# high-good, March 
Slaughter cattle, 1015# high-good, August 
Slaughter cattle, 1100# low-choice, February 
Slaughter cattle, 1025# low-choice, August 
Slaughter cattle, 1100# choice, December 
Slaughter cattle, 1035# choice, July 
Seed corn 
Seed oats, certified 
Yellow sweet clover seed 
Vernal alfalfa seed 
Sudan grass seed 
Grain sorghum seed 
Lincoln brome-grass seed 
Crested wheatgrass seed 
Wheat seed, certified 
Barley seed, certif ied 
Flax seed, certified 
Russian wild rye seed 
Blue grama seed 


























































































Table 52. (continued) 
Item ' 
Buffalo grass seed 
Big bluestem seed 
Green needlegrass seed . 
Nitrogen fertilizer 
Phosphate fertilizer 
Potash fertili zer 
Diesel · fuel (less tax refund) 
Gasoline (less tax refund) 
Labor (operator and/or hired) 













$ 150. 00 
100 . 00 




0. 17 . 
0. 195 
Hour 1. 50 
Lb. of  actual 0. 80 
Lb. of actual 5. 75 
I r 
180 
Table 53. Estimated Fuel Consumption and Cost Per Tractor Houra · 
Fuel Tractor 75% Load 50% Load 
Type , Size Gallon Cost Gallon Cost 
Diesel 4 plow 2. 6 0. 442 2. 1 0. 357 
Gasoline 3 plow 2. 9 0. 565 2. 4 0."468 
aFuel consumption estimates based on 1965 Agri�ultural Engineers 
Yearbook. Cost estimates are based on current fuel prices less ta x 
refund. 
Table 54. Estimated Time Requirements and Repair 










Windrow (pull type ) 
Pick corn 
Haul & store corn 






Haul & store silage 
Stack ha y 
Combine 
Man Machine Tractor & Implement 
Hours Per Hours Per Repairs and Service 
Size Acre Acre Per Hour Per Acre 
4-14"  . 77 
20 ft. . 37 
30 ft. • 11 
4 row . 24 
1 2  ft. ' . 25 
1 2  ft. . 25 
4 row . 59 
8 row . 04 
1 2  ft. . 22 
2 row . 58 































. 1 3/ton 
. 56/ton 
. 50 


















. 3 7  
$ . 33 
. 13 
. 03 
. 1 1 
. 1 7 





. 1 2 
. 07 
. 1 3  






aEstimates are based on North Central Regional Project Number 54 
data as prepared by Professor John Sanderson and upon data obtained in 
survey. 
Ta ble 55. Number of Once-Over Machine Operations Assumed in Crop Production 
Smal l Spring 
Grain Smal l Spring Wheat 
Sor- After Grain Wheat After 
Corn Corn ghum Row After After Sma l l  Hay 
Machine Operation Grain Sil age Grain Crop Al fal fa Fa l low Grain Flax Harvest Fal low 
Plow l l 1 1 1 l 
Disk l 1 l 2 l l l l 4 
Harrow l 1 2 l l l l l 
Plant l l l 
Dril l l l l l l 
Cultivate 1 1 l 
Spray l l l l 
1/Jindrow 1 1 -1 1 1 
Combinea 1 1 l l l 1 
Pick corn l 
Haul & store corn l 
Haul & store smal l grain 1 1 l l l 1 
Mow 1 
Rake l 
Sta ck hay 1 
Chop sil age 1 
Hau l & store sil age l 
acombining was custom hired. 
Table 56 . Estimated Time Requirement  a nd Ma c hine  Repair 
and Servic e Cost Per Acre for Various Cropsa 
Re2airs and Servic eb 
Pre- Total 
Crop Harvest Harvest Cost 
Corn grain $ . 85 $ . 38 $1. 23 
Corn silage . 85 • l 7c - - -
SorghLJm gra i n  . 87 . 07 . 94 
Sorghum silage . 87 . 18c - - -
Spring wheat  after row crop . 46 . 15 . 61 
Spring wheat a ftei f allow . 33 . 14 . 47 
Spri ng wheat after small gra i n  . 66 . 14 . 80 
Oats after corn . 46 . 15 . 6 1 
Oats after al fa l fa . 67 . 15 . 82 
Oats and alfalfa seedi ng . 46 . 15 . 6 1 
Bar l ey after corn . 46 . 15 . 61 
Barley a fter alfalfa . 6 7  . 15 . 82 
Flax . 68 . 15 . 83 
Hay ma k i ng 
One cutting (. 9 tons) - - - . 44 A4 
Two cutti ngs (1. 6 tons) - - - . 86 . 86 
aMachine p lus tra ctor 
bcombining was custom hired and not inc luded 




2. 15 . 91 
2. 15 . 68c 
2. 26 .36 
2. 26 . 68c 
1. 11 . 58 
. 73 . 58 
1 .50 . 58 
1. 11 . 58 
1 . 50 . 58 
1. 34 . 58 
1. 11 . 58 
1.50 . 58 
1. 54 . 58 
- - - 1. 36 
- - - 2. 60 
Machi ne  Hours 
Pre -
Harvest Harvest 
1. 95 . 83 
1. 95 . 34c 
2. 06 . 33 
2. 06 . 34C 
1. 01 . 53 
. 67  . 53 
1. 37 . 53 
1 . 01 . 53 
1 .37 . 53 
1. 24 . 53 
1. 01 . 53 
1. 37 . 53 
1. 40 _ 53· 
- - - 1. 22 




Tabl e 57. Fix ed Costs  P er Hour a nd Per Year for a Typi c al 
Ma chi ne Compl ement , 1600 Acre Hyde County Ran ch 
Depr e - Annua l Ta x e s 
Purcha se Hours  Year s  ci ation Depre- I ntere stc 
Ir1pl errient Si ze  Costa Li feb Life Pe:!:' Hour c i ation I n sura n c e Housin gd 
Truck l½ ton $ 1 , 820 75 , 000e 1 5  $ . 024 e $ 121  $ 80 $ 9 . 10 
Tra ctor , 42 hp . 4 p low 2 , 7 60 1 2 , 000 1 3  . 23 21 2 1 22 13. 80 
Tra ctor , 40 hp . 3 p low 1 , 942 1 2 , 000 1 3  . 16  149 86  9 . 7 1  
Windrower ,  se lf  prop. 14 foot 1 , 750 2 , 500 10 . 70 175  77  8.75 
Plow 4 - 14 "  465 2 , 500 14  . 19  33 20 2. 33  
Di sc , si ngle 20 foot 9 3 1  2,500 13 . 37 7 2  4 1  4 . 65 . ,, 
Hay ba l er PTO , twin e 950 2 , 500 10 . 38 95  4 2  4. 75 
Spike tooth harrow 5 s ection 1 25 2 , 500 15  . 05 8 6 0. 63 
Corn pl a nt er 4 row 585 1 , 200 15  . 49 39 26 2. 92  
Cul tivator 4 row 450 2 , 500 15 . 18 30 20 2. 25 
Mower 7 foot 545 2 , 000 13 . 27 4 2  24 2. 7 2  
Loader - - - - 338 2 , 500 1 5  . 14 23 1 5  1. 69 
Side ra ke 8 foot 308 2 , 500 1 2  . 12 26 14 1 . 54 
Fi e ld chopper , PTO 1 row 9 25 2, 000 -· 10 . 46 9 3  4 1 · 4. 63 
Corn picker 1 row 1 , 250 2 , 000 1 1  . 63 1 13 55  6. 25 
3 wa gon s Flare  box · 788 5 , 000 15 � 1 6 53 35 3. 94 
Ferti l izer spreader 12 foot 178  1 , 500 10 . 1 2  1 8  8 0. 89 
Gra in . dri ll •  14 foot 625 1 , 200 1 8  . 5 2  35 28 3 . 13 
Eleva tor 48 foot 533 2 , 500 10 • 21 5.3 24 2. 66 
TOTAL· $ 17 , 268 $ 1 , 390 $ 7 64 $ 86. 34 
(.,J 
l1" 
Table 57. (conti nued ) 
aone-half of new cost as reported i n  Midwest · Farm P la nni ng  Manua l ,  Iowa Sta te Universi ty 
Press, Ames, Iowa 
bl965 Agricultural Engi neers Yearbook 
ci nterest = 3% of purchase cost, tax = 1%, i nsurance = . 42% 





Table 58. Activitie s  and Re strictions for Three Levels 
of Efficiency for a 1600 Acre Ranch on Williams­














Bee f  cows , calf rai sing , 10  months 
grazing , sell in  October 
Beef cows , calf raising ,- 5½ months 
grazing , sell in October 
Beef cows , calf raising , 10  months 
grazing , s ell in  January 
Bee f  cows , calf rai s i ng ,  5½ months 
grazing , sell in _ January 
Winter October calf on silage 
Winter October calf , pa sture and hay 
Summer graze yearlings , 6½ months 
Summer graze yearlings , 4½ months 
Fatten yearlings grazed 4½ months  
Fatten October calf 
Cu 1 1  cow s a le 
Sell October calf 
Sell wintered calve s 
Sell yearlings grazed 4½ .months 
System pa sture production 
Cre sted wheat , not fertilized 
Cre sted whe at , fertilized 
Cre sted wheat and alfalfa 
Brome -alfalfa pa sture , rotated and 
fertilized 
Brome-alfalfa pa sture , not rotated 
or fertilized 
Sudan gras s 
Rus s i an wild rye 





































































8 1  
1 2  
· 1 3  
1 4  
1 5  
1 6  
17 
1 8  


























































Table 58. (continued) 
Description 
Oats-alfalf a -brorne for hay on level land, 
not fertilized 
Oats-alfalf a -brorne for ha y on level l and, 
fertilized 
Oats-alfalfa-brome for hay, sloping la nd, 
not fertilized 
Oats�alfalfa-brome for hay, sloping land, 
fertilized 
Harvest - corn for grain 
Harvest corn for silage 
Native grass, 75% condition, not 
fertilized 
Native grass, 75% condition, fertilized 
Native grass, 25% condition 
Deferred grazing system 






Cropla nd, 0 to 3 per cent slope 
Cropla nd, 3 to 6 per cent  slope 
Native pasture 25% condition 










Livestock investment capital 
Corn to harvest 





Low Medium High 
-Activity Number-











Acre ( 97 
Acre 98 
$100 99 
























































9 1  










. Table 58. ( continued) 
Description Unit Row Number 
Grazing 
April 16 to May 15 AUM 8 18 
May 16 to July 15 AUM 8 1 9  
July 16 to August 3 1  AUM 820 
September 1 to October 31 AUM 821 
November 1 to April 15  AUM 822 
Grass hay equivalent Ton 823 
Calf transfer (low) Head 824 
Light yearling transfer (low ) Head 825 
Heavy yearling transfer (low) Head 826 
Calf transfer (medium ) Head 827 
Light yearling transfer (medium) Head 828 
Heavy yearling transfer ( medium) Head 829 
Calf transfer ( high) Head 830 
Light yearling transfer (high ) Head 831 
Heavy yea�ling transfer (high) Head 832 
Beef for sale Cwt. 833 
I 
188 
Table 59. Linear Programming Matrix for a 1600 Acre Ranch on Williams-
Tetonka-Cavour Soil Association, Centra l South Dakota 
Cro12 Activities 
Efficiency Level  
Low 
Item Unit Row B ·  
l 
P1 P2 
Cropland, 0-3% slope Acre ROl 431 1 . 0  1 . 0  
Cropland, 3-6% slope Acre R02 69 
Native pasture land, 25% condition Acre R03 160 
Native · pasture land, 75% condition Acre R04 896 
Total labor Hour ROS 4650 2. 33 1. 928 
April labor Hour R06 525 . 817 
May labor Hour R07 525 1 . 64 . 137 
June labor Hour ROB 525 . 69 . 137 
July labor Hour R09 525 . 563 
August labor Hour RlO 525 . 137 
September labor Hour Rll 525 . 137 
October labor Hour Rl2 300 
Capital Dol. Rl3 3 . 17 5. 603 
Livestock investment capital Dol. Rl4 
Corn to harvest Bu. Rl5 -23 . 0  
Corn equivalent Bu. Rl6 
Corn silage Ton Rl 7 
AUM ' s grazing transf�r: 
April 16-May 15 AUM Rl8  
May 16-July 15 AUM Rl9 
July 16-August 31 AUM R20 -0 . 067 
September I -October 31 AUM R21 
November 1-April 15 AUM R22 
Grass hay equivalent Ton R23 
Calf transfer (low ) Head R24 
Light yearling transfer (low) Head R25 
Heavy yearling transfer ( low) Head R26 
Calf transfer (medium) Head R27 
Light year 1 i ng fra ns fer ( medium) Head R28 
Heavy yearling transfer (medium ) Head R29 
Calf transfer (high ) Head R30 
Light yearling transfer (high) Head R31 
Heavy yearling transfer (high ) Head R32 
Beef for sale Cwt. R33 
Return over variable c ost (Cj ) Dol . -3 . 1 7 1 2 . 597  
1 89 
Table 59. ( continued) . 
Cro2 Acti vities 
Effi cienc::t: Level 
Low 
Row P3 P4 P5 P5 P7 Pg 
ROl 1. 0 1. 0 1. 0 1. 0 
R02 1. 0 1. 0 
R03 
R04 
ROS 1. 86 1. 86 2. 33 2. 88 2. 095 2. 095 
R06 1. 22 1. 22 1. 69 . 61 . 61 
R07 1. 64 . 82 . 82 
ROS .  345 . 345 
R09 . 64 - . 64 . 64 . 32 . 32 
RlO 
R l l 1. 24 
Rl2 
Rl3 6. 72 8.5 7  7. 50 6. 49 ( 5. 87 5. 32 
Rl4 
Rl5 -11. 5 -11. 5 


















C · -6. 72 -8. 5 7  9. 00 -6. 49 -5. 87 8. 33 
Table 59. (continued) 
Low 
Row Pg P10 
ROl 
R02 1. 0 1. 0 
R03 
R04 
ROS 2. 37 2. 095 
R06 . 61 . 61 
R07 . 82 . 82 
ROB . 345 
R09 . 32 . 32 
RlO 
Rll . 62 
Rl2 
Rl3 6. 98 4. 67 
Rl4 
Rl5 -11. 5  
























2 . 33 2. 12 
. 845 
. 82 1. 49 
. 345 . 63 
. 32 
5. 06 7. 70 
- 11. 5 -32. 0 




1. 0 1. 0 
1. 745 1. 69 
. 743 1. 11 
. 123 
. 123 
. 51 . 58 
. 123 
. 123 
7. 713 10 . 50 
-26. 64 
-0. 067 -0. 10 
17. 767 -10. 50 
191 




Row P15  P16  P17  P1g P19 P20 
ROl 1. 0 1. 0 1. 0 
R02 1. 0 L O  1. 0 
R03 
R04 
ROS 1. 69 2. 12 2. 62 1. 905 1. 905 2. 155 
R06 1. 11 1. 54 . 555 . 555 . 555 
R07 1. 49 . 745 . 745 . 745 
ROB . 315 -. 315 
R09 . 58 . 58 . 29 . 29 . 29 
RlO 
Rll 1. 13 . 565 
Rl2 
Rl3 1 0.90 10. 98 11. 27 9. 30 
( 9. 57 11. 355 
Rl4 
Rl5 - 16. 0' -16. 0 


















C ·  -) 0 .  90 19. 27 -11. 27 -9. 30 9. 54 7. 755 
192 
Tab l e  59. ( c onti nued ) 
Crot2 Ac t i vi t i e s 
E f fi c i  e nc::r Leve 1 
Med i um Hi h 
Row P21 P22 P23 P24 P25 P26· 
ROl  1 . 0  1 . 0  1. 0 1. 0 
R02 1. 0 1. 0 
R03 
R04 
R05 1. 905 2. 12 1 .9 1  1. 567 1. 52 1. 52 
R06 . 555 • 77 . 67 1 . 0  1. 0 
R07 . 745 . 745 1. 34 . 1 1 
ROS . 3 15 . 315 . 57 . 1 1  
R09 . 29 � 457 . 52 . 52 
R l O  . 29 . 1 1  
R l l  . 11 
R l2 
Rl3 9. 1 9. 34 14. 26 10. 143 \ 14. 63 1 6. 71 
R l4 
Rl5 - 16. 0 -16 . 0 -41. 0 



















C · -9. 10 5. 785 -14 . 26 22. 617 - 14. 63 -16. 71 
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Row P27 P2g P29 P30 P31 P32 
ROl 1. 0 1. 0 
R02 1. 0 1. 0 L O  1. 0 
R03 
R04 
ROS 1. 91 2. 36 1. 715 1. 715 1. 94 1. 715 
R06 1. 39 . 5  . 5  . 5 . 5  
R07 1. 34 . 67 . 67 . 67 . 67 
ROB . 285 . 285 . 285 
R09 .26 . 26 . 26 . 26 
RlO . 52 
Rll 1. 02 . 51 
Rl2 
Rl3 16. 99 16. 63 15. 485 15. 00 16 . 185 14. 445 
Rl4 
Rl5 -20 . 5  -20 . 5 -20. 5 


















C ·  J 27. 01 -16. 63 -15. 485 9 ._ 57 8. 385 -14. 445 
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Table 59. (continued ) 
Beef Cows 
Efficiency Level 
High Low Medium 
Row P33 P;34 P35 P36 P37 P3g 
ROl 
R02 1. 0 
R03 
R04 
ROS 1. 91  10. 0 12. 0  1 1. 0  13. 0 8. 0 
R06 . 695 1. 054 1. 304 1. 054 1 . 304 1. 29 
R07 . 67 1. 054 1. 304 1 . 054 1. 304 1. 29 
ROB . 285 . 270 . 270 . 270 . 270 . 22 
R09 . 270 . 270 . 270 . 270 . 22 
RlO . 26 . 270 . 270 . 270 . 270 . 22 
Rll . 29 1  . 291 . 270 . 291 . 23 
Rl2 . 291 . 291 . 270 . 291 . 23 
Rl3 15. 625 231. 0 231. 0 233. 0 233. 0 264. 0 
Rl4 -220. 0 -220. 0 -220 . 0  -220. 0 -253. 0 
Rl5 -20. 5 
Rl6 4. 35 4. 35 7. 0 7. 0 4. 35 
Rl7 
Rl8 1. 015 - 1. 015  1. 015 
Rl9 2. 03 2. 31 2. 03 2. 31  2. 03 
R20 1 . 523 1. 73 1. 523 1 . 73 1 . 523 
R21 2. 03 2. 31 2. 03 2. 31 2. 03 
R22 3 . 552 3. 902 3. 552 
R23 1 . 28 2. 7 1. 60 3. 1 1 .28 
R24 -0. 72 -0. 72 
R25 
R26 






R33 - 1 . 664 -1. 664 - 1. 664 
. .  
C ·  6. 375 -22. 88 -22. 88 84. 93 84 . 93 -24 . 88 
195 
Table 59. (continued) -
Beef Cows 
Efficiency Level 
Medium Hi h 





R05 10. 0 9. 0 11. 0 6. 0 8. 0 7. 0 
R06 1. 54 1. 29 1. 54 . 98 1. 23 . 98 
R07 1. 54 1. 29 1. 54 . 98 1. 23 . 98 
ROB . 22 . 22 . 22 .. 1 7 · . 1  7 . 17 
R09 . 22 . 22 . 22 . 17 . 17 . 17 
RlO . 22 . 22 . 22 . 17 . 1 7 . 17 
Rll . 23 . 23 . 23 . 19 . 19 . 19 
Rl2 . 23 . 23 . 23 . 19 . 19 . 19 
Rl3 264. 0 266. 0 266. 0 299. 0 299. 0 301. 0 
Rl4 -253. 0· -253. 0 -253. 0 -288. 0 -288. 0 -288 . 0 
Rl5 
Rl6 4. 35 7. 0 7. 0 4. 35 4. 35 7 . 0 
Rl7 
Rl8 1. 015 1. 015 1. 015 
Rl9 2. 31 2. 03 2. 31 2. 03 2. 31 2. 03 
R20 1. 73 1. 523 1. 73 1. 523 l. 73 1. 523 
R21 2. 31 2. 03 2. 31 2. 03 2. 31 2. 03 
R22 3. 552 3. 552 3. 552 




R27 -0. 74 
R28 
R29 
R30 -0. 76 -0. 76 
R31 
R32 
R33 -1. 664 -1. 664 -1. 664 
c .  -24. 88 94. 7 94. 7 -26. 88 -26. 88 105. 44 
Table 59. (continued) .  
High 





R05 9 .0 5. 5 
R06 1 .23 . 5  
R07 1 .23 
ROB . 17 
R09 . 17 
RlO . 17 
Rll . 19 
Rl2 . 19 
Rl3 301 . 0  54. 68 
Rl4 -288. 0 - -77. 67  
Rl5 
Rl6 7 •. 0 
Rl7 2. 89 
Rl8 
Rl9 2 . 31 
R20 1. 73 
R21 2. 31 
R22 
R23 3 . 1  
R24 1. 0 




















4 . 0 
. 3  
. 6 
. 6  
. 6  
. 6  
. 6  
. 7  
84. 32 
-77.67 -131. 28 
. 572 






-1. 0  1. 0 





3. 5 5. 0 
. 4  . 5  
. 6  
. • 6 
. 6  
. 6  
. 6  
73. 18 59. 37 
-131 . 28 -86. 49 
2. 97 
1 . 25 
1 . 035 
. 742 
. 2  
1 . 0 
-1 . 0  
1.0 
-1 .0 
-4. 21 -12. 35 
197 
Table 59. (continued) 
Wintering and Grazing Activities 
Ef ficiency Level 
Medium Hi h 





R05 4. 0 3. 5 3. 0 4. 5 3. 6 3. 0 
R06 . 3  . 3  . 4  . 4  . 3  . 3  
R07 . 5  . 6 . 4  
ROB . 5  . 5 . 4  
R09 . 5  . 5  . 4  
RlO . 5 . 5  . 4  
Rl l . 5 . 5  . 5 
Rl2 . 7  . 6  
Rl3 54. 02 79. 81 79. 21 64. 34 58 . 73 97. 97 
Rl4 -86. 49 -142 . 07 -142. 07 -95. 87 -95. 87 - 153. 00 
Rl5 
Rl6 
Rl 7 3. 05 
Rl8 . 601 . 63 
Rl9 1. 321 1. 32 1. 392 
R20 1. 1 1. 1 1. 164 
R21 1. 628 . 8 1. 728 
R22 l .  75 1. 8 1  




R27 1. 0 
R28 -1. 0  1 .0  1. 0 
R29 --1.  0 
R30 1 . 0  1. 0 
R31 -1. 0  - 1. 0  1. 0 
R32 
R33 
c . -11. 44 199. 25 -4 . 47 - 12. 35 -1 1. 44 209. 91 
J -
Table 59. (continued) 
High Low 





R05 2. 0 3. 5 
R06 . 4  
RO? . 5  
ROS . 4  
R09 . 4  
RlO . 4  
Rll 
Rl2 . 7  
Rl3 85. 12 89. 71 
Rl4 -153. 0 . -180. 98 
Rl5 
Rl6 35. 75 
Rl7 1. 16 
Rl8 
Rl9 1. 392 
R20 1. 164 
R21 
R22 
R23 . 23 . 231 
R24 
R25 





R31 1. 0 
R32 -1. 0 
R33 
C ·  
J 
-4. 72 242 . 37 
Cattle Fattening 
Ef ficiency Level 
Activities 
. Medium 
P59 p60 p61 
7. 7 2. 4 6. 3 
. 7  . 6  
. 7  . 6  
. 7  . • 6 
. 7  . 6  
. 7  . 3  
. 7  . 6  . 6  
145. 23 75. 98 153 . 55 
-107. 90 -195 . 12 -116. 88 
53. 0 28. 0 53. 0 
. 92 















. 1  7 
1. 0 
255. 29 









ROS 5 . 0 
R06 . 5 
R07 . 5 
ROS . 5 
R09 . 5  
RlO 
Rll 
Rl2 . 5 
Rl3 145. 69 
Rl4 -126 . 15 
Rl5 














R30 L O  
R31 
R32 
R33 1. 0 
C ·  
J 










( (  
1. 0 
1. 0 







Table 59. (continued) -
S e l l  Light Yearli ng Sell Heavy Yearling 
Eff iciency Level 
Medi um High Low Medium High 
Row P69 P70 P71 P72 P73 P74 
ROl • 75 
R02 
R03 
R04 . 25 
ROS . 291 
R06 . 132 
R07 
ROB . 091 
R09 . 023 
RlO . 007 
Rll 
Rl2 . 001 
Rl3 \, 3. 316 
Rl4 
Rl5 
Rl6 -0. 813 
Rl7 
Rl8 -0. 275 
Rl9 -0. 418 
R20 -0 . 195 
R21 -0. 604 
R22 
R23 -0. 083 
R24 
R25 
R26 1. 0 
R27 
R28 1. 0 
R29 1. 0 
R30 
R31 1 . 0  
R32 1. 0 
R33 
C · J 139 . 34 150. 27 - 177 . 17 19 1 . 05 193. 56 -3. 316 
201 
Table 59. (continued) 
Pasture Production Activities 
Cropland 0-3% Slope 
Row P75 P76 P-17 P7g P79 Pgo 




ROS . 219 .444 . 219 1 . 0 7  . 32 1. 35 
R06 . 178 . 178 . 178 . 43 1  . 223 
R07 
ROB . 542 1. 35 




Rl3 1. 47  6. 37  1. 44 6. 483 2. 13 10. 92 
Rl4 
Rl5 
Rl6 -3. 25 -1. 83 
Rl7 
Rl8 - 1. 0 -1. 52 -1.ll 
Rl9 -1. 667 -1. 0  
R20 -0. 308 -0. 75 -5. 0 
R21 -0. 41 7  -0. 5 
R22 




























































1. 0 1. 0 
2.178 2. 387 
. 223 . 432 
1. 083 1. 083 
. 097 . 097 
. 775 . 775 
3. 713 7. 463 
-1. 83 -1 . 83 
-0. 2 -0. 5 
-1. 12 -1. 68 
-3. 713 -7. 463 
202 
Activities 
3,...6% Land Low 
P34 P35 p86 
1 . 0 1. .0 
2. 178 2. 387 1.0 
. 223 . 432 
1 . 083 l. 083 
. 097 . 097 
. 775 . 775 
1.0 
3. 713 17 . 463 . 55 
1.0 
-1. 83 -1. 83 -23 .0  
-0. 2 -0. 5 
-0. 3 
-1. 12 -1 . 68 
-3. 713 -7. 463 -0 . 55 -
203 
. Table 59. (continued) 
Corn Harvesting Activities 
Efficiency Level 
Low Medium High 




R04 1. 0 






Rll 3. 83 4. 55 5. 06 
Rl2 . 91 . 82 
Rl3 2. 05 • 71  2. 39 . 81 
\ 
2. 60 . 07 
Rl4 
Rl5 1. 0 1. 0 1 .0  1. 0 1. 0 
Rl6 -32 . 0  -41 . 0  
Rl7 -5 . 111 -7. 111  -9 . 111 
Rl8 
Rl9 -0. 21 
R20 -0. 16 
R21 -0 . l  












C ·  
J 
-2. 05 -0. 71 -2 . 39 -0. 81 -2. 6 -0 . 07 
204 
Table 59. (continued)-
Pasture Production Activities 
Native Grass land 
Row P93 P94 P95 P96 P97 P93 
ROl 
R02 
R03 1 .0 1.0 1. 0 
R04 1. 0 1. 0 1. 0 -1. 0  
ROS . 234 .014 . 264 . 014 1. 3 




RlO . 260 1. 3 
Rll 
Rl2 . 112 






Rl9 -0. 41  -0. 07 -0. l 
R20 -0. 31 -0 . 05 -0. 06 
R21 -0. 21 -0. 03 -0. 08 
R22 -0. 12 -0. 57 











C ·  










































-6. 0 11. 0 
c' 
Table 60. Crop Activity Budgets for Low ,  Medium , and High Effi c iency Level s  
on Wi l liams-Tetonka -Cavour Soil As sociation , Centra l  South Da kota 
Corn 
For Grain For Sil a'oe 
Following Row Cr6Q Following Legume Corn After Row CroQ 
I .tern l. Low Medium High Low Medium High Low Medium High 
Hours of labor 
April 
May 1. 64 1 .49 '  1 .34 . 79 . 72 . 65 1 .64 1. 49 1. 34 
June ' . 69 . 63 . 57 . 69 . 63 .57 . 69 . 63 . 57 
July 
August 
S'eptember . 85 . 77 . 69 3. 83 4. 55 5 . 06 
October L O  . 9 1  . 82 1. 0 . 91 . 82 
Tota l hours of labor 3. 33 3. 03 2. 73 3. 33 3. 03 2. 73 6. 16  6. 67 6. 97  
Variable costs (Dollars ) 
Pre harvest 
Fuel . 88 . so . 72 . 98 . 90 . 82 . 88 . 80 . 72 
Oi l and Grea se . 1 1 . 10 . 09 . 1 1  . 10 . 09 . 1 1 . 1 0 � 09 
Repairs . 94 . 85 . 76 . 94 . 85 . 76 . 94 . 85 . 76 
·Seed 1. 24 1.45 1. 64 1 . 24 1. 45 1. 64 1. 24 1 . 45' 1 . 64 
Chemicals . ob .60 3 . 47 . oo 2. 87 3. 47 . 00 . 60 3. 47 
Fertilizer . oo 3. 90 7 . 58 ' . oo . 00 3. 30 . 00 3. 90 7. 58 
Harvest 
Fuel . 22 . 29 . 34 � . 22 . 29 . 34 . 92 1. 07 1. 16  
Oil and grea se . 04 . 04 . 04 � 04 . 04 . 04 . 1 1  . 1 1  . 1 1  
Repa irs  . 29 . 38 .43 . 29 . 38 . 43 1. 02 1 . 21 1. 33 
Custom·hired 
Total variable costs 3. 72 8. 4 1  15. 07 3. 82 6. 88 10. 89 5. 22 10. 09 16. 86 
Yi e ld (Bushel s  or tons ) 23 32 41  28 34 41  5 . 1 1 1  7 . 1 1 1  9 . 1 1 1  
Price $ 1. 10 $ 1 . 10  $ 1. 10 $ 1. 10  $ 1. 10 $ 1 . 10 
Gros s Returns 25 � 30 35 ; 20 45. 10 30. 80 37. 40 45 . 10  
RETURNS OVER VARIABLE COST 21. 58 26. 79 30. 03 26. 98 30. 52 34. 21 
. Table 60. (continued) 
Bar ley Oats 
After Row CroQ 
After Row Croi2 Wi th Al falfa Seeding After Row CroQ 
I tem Low Medium Hi gh Low Medium Hi gh Low Medium . Hi gh 
Hours of labor 
Apri l 1. 22 1 . 1 1  1. 00 1. . 47 1. 34 1. 21 1. 22 1. 1 1  1. 00 
May 
June · 




Total hours of labor 1.86 1. 69 1 . 52 2 . 1 1  1. 92 1 . 73 1 . 86 1. 69 1 . 52 
Variabl e costs ( Dollars) 
Pre harvest 
Fuel . 39 . 35 . 31 . 50 . 45 . 40 . 39 . 35 . 31 
Oi l and grease . 06 . 05 . 04 . 07 . 06 . 05 . 06 . 05 . 04 
Repairs . 51 . 46 . 41 . 51 .46 . 41 . 51 . 46 . 41 
Seed 1. 94 2. 10 2. 27 5. 51 5. 88 6. 40 1. 80 2. 50 3. 50 
Chemical s  . oo . 00 1. 50 . 00 . 00 . 00 . 00 . 00 1. 50 
· Ferti l i z er. . oo 3 . 60 6. 04 . 00 3. 60 6 . 04 1. 95 3 . 60 6. 95 
Harvest 
Fue l . 18 . 26 . 34 . 18 . 26 . 34 . 18 . 26 . 34 .-
Oil and grease . 03 . 03 . 03 . 03 . 03 . 03 . 03 . 03 . 03 
Repairs . 1 1 . 15 . 19 . 1 1  . 15  . 19 . 1 1  . 15  . 19 
Custom hired 3. 50 3 . 50 3. 50 3. 50 3. 50 3. 50 3. 50 3. 50 3. 50 
Total variab l e  costs  6. 72 10. 50 14. 63 10. 41 14. 39 1 7. 36 8. 57 10. 90 16. 71 
Yield ( Bushels  or tons)  26 36 46 26 36 46 35 47 59 
Price $ . 81 $ . 81 $ . 81 $ . 8 1 $ . 8 1 $ . 8 1 .· $ . 55 $ . 55 $ . 55 
Gross Returns 21. 06 29. 16  37. 26 21. 06 29. 16 37 . 26 19. 25 25. 85 32. 45 
RETURNS OVcR VARIABLE COST 14 . 34 18 . 66 22 . 63 10 . 65 · 14. 77 19 . 90 10 . 68 14. 95 15 . 74' 
Table 60. (conti nued ) 
Oats SQri ng Wheat 
After Row Cro2 
After A lfalfa With Alfalfa Seedi ng After Row Cro2 
Item Low Medium Hi gh Low Medium High Low Medi um Hi g h  
. Hours of labor 
Apri l . 74 . 67  . 60 1. 47 1 .34 1. 21 1. 22 1. 11 1 .00 
May 
June 
July  . 64 . 58 . 52 . 64 . 58 . 52 . 64 . 58 . 52 
August 
S·eptember . 77 . 70 . 63 
October 
Total hours of labor 2. 15 1 . 95 1. 75 2. 1 1  1.92  1. 73 1 . 86 1 . 69 1 . 52 
Variable costs ( Dol lars ) 
Pre harvest 
Fuel . 70 . 64 . 58 . 50 . 45 . 40 . 44 . 40 . 36 
Oil and grease .08 . 07 .06 . 07 .06 .05 .06 .05 . 04 
Repairs . 74 . 67 . 60 . 51 . 46 . 41 . 51 . 46 . 41 
, Seed 1.80 2. 50 3. 50 4. 69 5. 34 7. 63 2. 65 3. 20 3. 20 
Chemicals . oo . oo 1. 50 .00 . 00 . 00 .00 1. 50 1. 50 
Ferti l izer . oo 2. 95 5. 90 1. 95 3. 60 6. 95 .00 1 .95 6. 30 
Harvest 
Fuel . 18  . 26 . 34 -::- . 1 8  . 26 . 34 . 1 6 . 20 . 23 
Oil and grease .03 .03 .03 .03 .03 .03 . 03 .03 . 03 
Repairs . 1 1  . 15 . 19 . 1 1 . 15 . 19 � 12 . 15 . 1 7 
Custom hired 3. 50 3. 50 3 . 50 3 . 50 3. 50 3. 50 3. 50 3 . 50 . 3. 50 
Total variab le costs 7 . 18 10 . 77 16. 14 1 1. 58 13. 85 19. 44 7. 47 1 1. 44 15. 74 
Yield (Bushels or tons) 35 47 59 27 39 51 15  21  27  
Price $ . 55 $ . 55 $ . 55 $ . 55 $ . 55 $ . 55 $ 1 . 82 $ 1 . 82 $ 1. 82 
Gross Returns 19. 25 25. 85 32. 45 14. 85 21 . 45 28.05 27 � 30 38 . 22 49. 14  
RETURNS OVER VARIABLE COST 12 .07 15 . 08 16. 31 3. 27 7. 60 8. 6 1 19. 83 26.78 33. 40 
Tab le 60. (continued) 
S12ri ng l;Jhea t 
After Small Grain After Fallow After Alfalfa 
Item Low Medium High Low Medium High Low Medium High 
Hours of labor 
-Apri 1 1 . 65 1 . 50 1 . 35 . 80 . 73 . 66 1 . 65 1 . 50 1 . 35 
May 
June 




Tot� l .hours of labor 2 . 29 2. 08 1 . 87  1 . 44 1 . 31 1. 18 2. 29 2. 08 1 . 87 
Variab le costs ( Dol lars) 
Pre harvest 
Fuel . so . 73 . 66 . 26 . 24 . 22 . 90 . 83 . 76 
. Oil and grease . 08 . 07 . 06 . 04 . 03 . 02 . 08 . 07 . 06 
Repairs . 73 . 66 . 59 . 36 . 33 . 30 . 73 . 66 . 59 
Seed 2 . 65 3. 20 3. 20 2. 65 3. 20 3 . 20 2. 65 3 . 20 3. 20 
Chemicals . 00 1 . 50 1 . 50 . 00 . 00 1 . 50 . oo . 00 1 .50 
Fertilizer . 00 1 . 95 6 . 30 . oo 2. 00 3 . 70 . oo 2 . 00 3 . 70 
Harvest 
Fuel . 16 . 20 . 23 . 16 . 20 . 23 . 16 . 20 . 23 
Oil and grease . 03 . 03 . 03 . 03 . 03 . 03 . 03 . 03 . 03 
Repairs . 12 . 15 . 1 7  . 1 2 . 15 . 1 7 . 12 . 15 . 17 
Custom hired 3 . 50 3. 50 3. 50 3 . 50 3.50 3 . 50 3 •. 50 3. 50 3. 50 
Total variable costs 8. 07 1 1. 99 16. 24 7. 12 9. 68 12. 87 8 . 17 10. 64 1 3. 74 
Yield (Bushel s  or tons) 12 1 8  24 1 8  24 30 1 8  24 30 
Price $ 1 . 82 $ 1 . 82  $ 1 . 82 $ 1. 82  $ 1 . 82 $ 1 . 82 $ 1 . 82  $ 1 . 82  $ 1. 82  
Gross Returns 21 . 84 32 . 76 43. 68 32. 76 43 . 68 54 . 60 32 . 76 43 . 68 54. 60 
RETURNS OVER VARIABLE COST 13. 77 20 . 77 27. 44 25. 64 34 . 00 41 . 73 24 . 59 33. 04 40 . 86 
Table 60. (continued) 
Sorghum 
Fa l l  Plow For Sila9e-S2rin9 Plow 
Following Legume Following Row CroQ Fol lowinq Row CroQ 
I tem Low Medium High Low Medium High Low Medium High 
Hours of labor 
April 




$eptember 1.24 1 . 13 1. 02 1. 24 1. 13 1. 02 4. 20 4. 96 5. 49 
October 
Total hours of labor 2. 88 2. 62 2. 36 2. 88 2. 62 2. 36 6. 69 7.22 . 7. 52 
Var i ab le cos ts  (Dol lars ) 
Preharvest 
Fuel . 98 . 90 . 82 . 88 . 80 . 72 . 88 . 80 . 72 
Oil and grease . 1 1  . 1 0  . 09 . 1 1  . 1 0  . 09 . 1 1  . 10 . 09 
Repairs . 96 . 87 . 74 . 96 . 87 . 74 . 96 . 87 . 74 
Seed . so 1. 00 1 . 20 . 80 1 . 00 1. 20 . 80 1 . 00 1 . 20 
· Chemicals . oo . 80 2. 45 . 00 . 80 2. 45 . 00 . 80 2. 45 
Fertilizer . 00 . oo 3. 30 . 00 3. 90 7. 58 . 00 3. 90 7. 58 
Harvest 
Fuel . 16  . 20 . 23 . 16 .20 . 23 1 . 01  1. 1 7  1 . 26 
Oil and grease . 03 . 03 . 03 .- . 03 . 03 . 03 . 1 1 . 1 1  . 1 1  
Repairs . 05 . 07 . 09 . 05 . 07 . 09 1. 12  1.31  1 . 44 
Custom hired 3. 50 3. 50 3 . 50 3. 50 3. 50 3. 50 . oo . oo . 00 
Tota l variable costs 6. 59 7. 47 12. 45 6. 49 1 1. 27 1 6. 63 4. 99 1 0. 06 1 5. 59 
.Yield (Bushels or tons) 25 35 45 25 35 45 5. 6 7. 3 9. 0 
Pri c e  $ . 95 $ . 95 $ . 95 $ . 95 $ . 95 $ . 95 
Gross Returns 23. 75 33. 25 42. 75 23. 75 33. 25 42. 75 
RETURNS O�ER VARIABLE COST 1 7. 1 6 25. 78 30. 30 17. 26 21. 98 26. 12  
Table 60 � (continued ). 
Flax Fallow 
After Row Cro12 
I tem Low Medium High Low Medium High · 
Hours of labor 
. Apri 1 1. 69 1 . 54 1 .39 
May . 41 . 37 .33 
June . 4 1  . 37 . 33 
July . 41  . 37 . 33 
August .64 .58 . 52 . 41  . 37 . 33 
Septe'mber . 41  . 37 . 33 
October 
Total hours of labor 2.33 2. 12 1 .9 1  2. 05 1 .85 1 . 65 
Variable costs (Dollars)  
Preharvest 
Fuel . 55 . 50 . 45 . 83 . 75 : 67 
Oil and grease . 08 . 07 . 06 . 10 . 09 . 08 
Repa irs . 74 . 67. . 60 . 69 . 63 . 57 
Seed 2. 43 2. 96 3. 50 
Chemica js . oo . oo 1 .50 
, Fertilizer .00 2. 95 6. 95 
Harvest 
Fuel . 1 0  . 16 , ; 22 
Oil and grease . 03 . 03 . 03 
Repa irs . 07 . 14 . 18 
Custom hired 3. 50 3. 50 3. 5·o 
Total variable costs 7.50 10. 98 16. 99 1 . 62 1 . 47 1 . 32 
Yield (Bushels or tons) 6 1 1  16 
Price $ 2. 75 $ 2. 75 $ 2. 75 
· Gross Returns 16. 50 30. 25 44.00 
RETURNS OVER VARIABLE COST 9. 00 19. 27 27. 01 
--
